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Buildings create environments for people to live and work in, and they aim at 
providing occupant satisfaction. In order to create interior environments which are 
completely suitable for the activities they involve, some requirements have to be met. 
These requirements relate to the environmental comfort conditions, the components 
of which are thermal, visual and acoustical comfort. The important point is that the 
effects of heat, light and sound are not isolated elements of building design; they are 
interrelated. In this study, which is a field study, environmental comfort conditions in 
the design studio are analyzed. Design studios are chosen since there is a living 
process in these environments where many different functions take place 
simultaneously. For this purpose, the design studios of the Department of Interior 
Architecture and Environmental Design, Faculty of Art, Design and Architecture at 
Bilkent University in Ankara, Turkey are analyzed. The analysis consists of the 
physical measurements of the environmental comfort parameters, and the subjective 
responses of the occupants which are evaluated with questionnaires. In order to make 
an evaluation, the obtained values for physical measurements are compared with the 
ones compiled from the relevant standards, and the questionnaire responses are 
analyzed. At the end of the study, recommendations for the amelioration of the 
measured studios are made.





ÇEVRESEL KONFOR KOŞULLARI 
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Binalar, insanlann yaşaması ve çalışması için gereken çevreleri yaratırlar. Bu 
çevrelerin amacı, insanlara konfor sağlamaktır. Bulundurduklan işlevlere uygun iç 
çevreler yaratmak için belirli gereksinimlerin sağlanması gerekmektedir. Bu 
gereksinimler ısıl, görsel ve işitsel konfor koşullannın oluşturduğu çevresel konfor 
koşullarıyla ilgilidir. Buradaki önemli nokta, bina tasarımında ısı, ışık ve sesin 
birbirleriyle ilgili öğeler olduğudur. Bu araştırma, tasanm stüdyolannda çevresel 
konfor koşullarının incelendiği bir alan çalışmasıdır. Tasanm stüdyolannın 
incelenmesinin nedeni, bu mekanlann mimari eğitimde en çok kullanılan mekanlar 
olması ve birçok farklı işlevi eşzamanlı olarak banndırmasıdır. Bu çalışma için 
Bilkent Üniversitesi (Ankara,Türkiye), Güzel Sanatlar Tasanm ve Mimarlık.Fakültesi, 
İç Mimari ve Çevre Tasanmı Bölümü stüdyolan incelenmiştir. Çalışma, çevresel 
konfor koşullannı oluşturan öğelerin fiziksel ölçümlerinin ve öğrencilerin bulunduklan 
çevreye olan tepkilerinin değerlendirildiği anketten oluşmaktadır. Elde edilen 
bulgulan değerlendirmek için fiziksel ölçümlerden elde edilen sonuçlar bu amaçla 
derlenen standart değerlerle karşılaştınimış, ve anket sonuçlan incelenmiştir. 
Çalışmamn sonunda, çevresel konfor koşullan değerlendirilen stüdyolann 
iyileştirilmesi için önerilerde bulunulmuştur.
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1. INTRODUCTION
1.1. General Approach to the Problem
The physical environment includes three main elements which are climate, light and 
sound These elements, which have a complex relationship, all act directly upon the 
human body. The human body either absorbs them or tries to counteract their 
effects, which result in physical and psychological reactions so as to provide 
biological equilibrium Man tries to adjust himself to his environment by using 
minimum amount of energy, and the conditions which provide this situation are 
defined as the "comfort zone". In the comfort zone, most of the energy of man can 
be used for productivity (Olgyay, 14-15).
The main instrument for satisfying comfort requirements is the shelter, which was 
first created by the primeval men to build enclosed spaces having an internal 
environment different from the external climate (Chalkley and Cater, 13). A shelter 
modifies the natural environment so as to provide optimum conditions for man to 
live in. To provide this requirement, the shelter should filter, absorb or repel 
environmental elements according to their beneficial or adverse effects on man's 
comfort (Olgyay, 15).
Buildings, which are also shelters, create environments for people to live and work 
in, and they aim at providing occupant satisfaction. The interior environment is
affected by both the influences transmitted by the building envelope, and the 
influences generated within the building or by its control systems (Ruck, 263). In 
order to create interior environments which are completely suitable for the activities 
they involve, some requirements have to be met. These requirements relate to 
environmental comfort conditions, the components of which are thermal, visual and 
acoustical comfort. The important point here is that, the effects of heat, light and 
sound cannot be considered as isolated elements in building design. Because of that 
reason, it is necessary to consider their interactions with one another and their 
combined effects on human comfort (Smith, 48-49; and Ruck, viii).
The aim of creating interior climates is to provide thermal comfort, which is defined 
by the EN/ISO 7730 Standard (5) as "that condition of mind which expresses 
satisfaction with the thermal environment". Thermal comfort studies deal with the 
effects of climatic impact on human response. The important point here is that, it is 
not possible to satisfy everyone simultaneously because of biological, emotional and 
physical differences among people. Therefore, it is necessary to provide conditions 
which will satisfy the highest possible percentage of the group.
The goal of architectural lighting as explained by Egan (Concepts in Architectural 
Lighting 41) is to create the visual environment that best accommodates the 
functions intended. In spaces where visual tasks are carried out, the provision of 
visual performance is the basic consideration, but it is insufficient when subjective 
assessments of people are considered, and therefore, it is also necessary to provide 
visual satisfaction in terms of comfort. A visually comfortable environment is 
defined by Ruck (40) as an environment where an eye task can be quickly and easily
performed without distraction or the creation of stress.
In order for a building to provide the most suitable environment for its occupants, 
acoustical comfort should also be provided as well as thermal and visual comfort. 
Although the reaction of people towards their thermal and visual environments is 
more or less passive, they have a direct interaction with their acoustical environment 
by means of speaking, singing, using devices, etc (Lawrence, 60). The basic aim of 
the acoustical environment in order to provide acoustical comfort is to be responsive 
to the activities inside the building, which requires providing clear communication, 
privacy, and a lack of acoustical interference as mentioned by Rabinowitz (G-1).
1.2. Aim of the Study
This study is a field study which aims at evaluating the existing environmental 
comfort conditions in a built environment. A building type, where occupant 
satisfaction in terms of environmental comfort is very important, is educational 
buildings. The reason of this importance is that, environmental comfort conditions 
have a significant role in learning by providing the well-being and satisfaction of the 
students (Çerefhanoglu, 223). Therefore, it is decided to evaluate a learning 
environment in terms of environmental comfort conditions.
For this purpose, four design studios at FF Building of the Interior Architecture and 
Environmental Design (lAED) Department of the Faculty of Art, Design and 
Architecture at Bilkent University in Ankara, Turkey are chosen as the site, and the 
students of these studios are chosen as the subjects of this research. The reason of 
analyzing design studios is that, these environments are the special classrooms in
design and art education, where the students spend a great portion of their time 
Design studio involves three main activities, which are the thinking process of 
design, critics about the design ideas, and preparing presentations such as drawing, 
painting, model making, etc. In other words, a design studio functions as both a 
learning center and a complex social organization.
The human factor is the most important consideration in building design. Therefore, 
the feelings of people are very important, and the values obtained by instruments are 
not enough to explain what people should feel (Ruck, vi). Therefore, the study 
consists of two parts; the physical measurements of environmental comfort 
parameters and the subjective responses of the occupants. The aim of taking 
measurements is to determine the existing environmental conditions in order to 
compare the obtained values with the relevant standards. Subjective responses of the 
occupants, that is their feelings, are evaluated by a questionnaire. At the end, the 
degree of comfort determined by the measurements are compared with the analysis 
of the questionnaires.
1.3. Structure of the Thesis
This study consists of five chapters including the introduction and conclusion parts. 
In the Introduction, the environmental comfort conditions which are examined in 
this study are introduced, and their importance in building design are mentioned. 
Besides, the aim of the study and the structure of the thesis are explained in this 
section.
The second chapter. Environmental Comfort Conditions, is the chapter in which
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elements of environmental comfort which are thermal, visual and acoustical comfort 
are introduced. After the definitions of the terms are given, the parameters affecting 
them are explained.
There are limited ranges of heat, light and sound which provide thermal, visual and 
acoustical comfort. These limits are mainly determined by the capabilities of man's 
visual and hearing systems, and his ability to make physiological and behavioral 
adjustments so as to provide a balance between the body and the environment as 
mentioned by Ruck (262). In the third chapter, Environmental Comfort Standards 
for the Design Studio, after the definition of the design studio in architectural 
education is made, the standards for the parameters explained in the second chapter 
are given. The standard values are compiled from the relevant standards of 
International Organization for Standardization (ISO), Catalogue of European 
Standards (CEN), American Society of Heating, Refrigerating and Air-Conditioning 
Engineers (ASHRAE), International Commission on Illumination (CIE), the 
Ministry of Public Works -  Housing, and the Ministry of Environment.
In the fourth chapter which deals with a case study, first the determined design 
studios are described. As a next step the parameters of the field study are 
explained. The chapter ends with the analysis of the physical measurements of 
environmental comfort parameters and questionnaire responses.
The Conclusion is the last chapter, where the findings of the research are discussed 
and recommendations for the following researches are pointed out.
2. ENVIRONMENTAL COMFORT CONDITIONS
In this chapter, the components of environmental comfort will be introduced. First, 
the definitions of the terms will be given, and then the parameters affecting them 
will be explained.
2.1. Thermal Comfort
The ambient environment affects man both physically and emotionally, so it has an 
important role in building design. Therefore, one of the basic aims of the building 
designer is to create an environment which is suitable for all the human activities 
that will take place both inside and outside the building. In order to provide this 
inside the building, the designer should aim at creating an environment which is 
perceived by the occupants as being thermally comfortable (CEC, 59). O'Callaghan 
(43) mentions that intellectual, manual and perceptual performance is the highest 
only when the environment is evaluated as thermally comfortable.
2.1.1. Definition of Thermal Comfort
From ancient times till today, man has always aimed at creating a thermally 
comfortable environment, and this can be observed in building traditions around 
the world (INNOVA, 2). Today, because of the growing mechanization and 
industrialization of society, people spend most of their time in an artificial climate. 
Recent trends, therefore, depend upon the production of artificial interior climates,
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The aim of creating artificial climates is to adjust the thermal environment so that 
each individual is in thermal comfort, and thermal comfort is defined in the EN/ISO 
7730 Standard (5) as "that condition of the mind which expresses satisfaction with 
the thermal environment". Thermal comfort studies deal with the effects of climatic 
impact on human response According to O'Callaghan (43), an environment can be 
called a thermally comfortable one if the occupants experience no heat stress or 
thermal strain, that is a neutral state is present in which no action is necessary to 
maintain the heat balance of the body. Benzinger (442), on the other hand, explains 
the condition of thermal comfort as a state in which there are no driving impulses to 
correct the environment by behavior. Another explanation of the term made by 
Givoni (54) evaluates thermal comfort as the absence of irritation and discomfort 
due to heat or cold, and as a state involving pleasantness, and similarly, INNOVA 
(4) mentions that there should be no type of thermal discomfort in order for man to 
consider the environment comfortable. Besides, Commission of the European 
Communities (CEC, 59) defines comfort as the sensation of complete physical and 
mental well-being.
and this causes an increased interest in the environmental conditions, that is in the
climates which are aimed to be created (Fänger, 13).
The biological, emotional and physical characteristics of the occupants also affect 
the sensation of comfort, so the control of the designer in creating a comfortable 
environment is limited. Because of these variations among people, everyone cannot 
be satisfied simultaneously when they are subjected to the same climatic conditions. 
Therefore, what should be done by the designer is to create optimal thermal comfort
2.1.2. Parameters Affecting Thermal Comfort
In order to provide health, well-being and comfort, one of the basic requirements 
is the maintenance of thermal equilibrium between the human body and its 
environment. For providing this equilibrium, the temperature of the core tissues of 
the body needs to be kept within a narrow range, regardless of the wide variations in 
the external environment (Givoni, 19).
Basic thermal heat exchange factors are conduction, convection, radiation and 
evaporation, and the direction of heat flow may be either to or from the body (Flynn, 
Segil and Steffy, 90). Usually very little heat exchange occurs by conduction which 
takes place by physical contact. Convection, which takes place between the human 
body and surrounding air causes heat transfer by motion of air. Radiation occurs by 
electromagnetic waves and takes place between the human body and its surrounding 
surfaces, that is between two physical objects. Evaporation is caused by change of 
moisture into vapor.
for the majority of the group, that is conditions which provide thermal comfort for
the highest possible percentage of the group (Fänger, 13; and CEC, 59).
The body uses the food consumed, by the process of metabolism to produce energy. 
In other words, the human body converts food into energy, and the rate of this 
conversion depends on the body's activity. When work is performed by the body, 
most of this energy is transformed into heat, and the rest, which forms only a small 
part, is used for mechanical work. In order to maintain a stabilized inner body 
temperature which is around 37 °C, the body should provide a balance between
There are many factors which determine the conditions that provide the achievement 
of such a balance, that is, sensation of thermal comfort. These factors can be 
classified into two groups: personal (individual) parameters and environmental 
parameters (Givoni, 19). Personal parameters involve activity level or metabolic 
rate, and thermal resistance of clothing of the subjects (Fänger, 15; Hensen, 309; 
CEC, 60). Environmental parameters, the second group, which are directly 
dependent on building design and heating and cooling systems, consist of air 
temperature, mean radiant temperature, air velocity and relative humidity. The 
important point here is that, all of these parameters affect man's thermal state and 
comfort simultaneously, that is they have a combined effect on the human body. 
Therefore, it is not possible to consider the effect of any one of them independently 
(Fänger, 15), since the effect of each parameter and the necessary requirements 
depend on the level and conditions of the other factors (Fänger, 5).
internal heat production and the heat losses or gains to and from the environment
(Givoni, 19).
2.1.2.1. Personal Parameters 
Activity Level or Metabolic Rate
Metabolism is the process by which food and oxygen are combined in the body by 
the process called oxidation, and the energy necessary for the functions of various 
organs in the body is produced (Givoni, 21). Metabolic rate, which is the main 
source of body's heat, therefore, can be defined as the amount of energy produced 
by the oxidation of food elements within the human body per unit time (Fänger, 23).
The factor influencing the metabolic rate is the activity level, the unit of which is 
mets (metabolic units), that is watts per square meter of body surface area. 1 met is 
the rate of heat produced, that is the metabolic rate of a seated person when relaxing,
which corresponds to 58.15 w/m^ of body surface area (CEC, 60).
For a given level of activity, the factors affecting metabolic rate are age, sex and the 
size and weight of the body. The last two factors cause variations in the metabolic 
rate and in order to eliminate these variations, metabolism may be expressed per 
square meter of the surface area or per kg of the weight of the body. For an average
man, the surface area of the body is taken as 1.86 m^ and the weight is accepted as 
70 kg. The metabolic rate can be determined by measuring the oxygen consumption 
of the body (Givoni, 22).
The metabolic rates for various activities are given in Table 2.1 on page 118 at 
Appendix A.
Thermal Resistance of Clothing
There is an exchange of heat and moisture between the surface of the skin and the
environment by convection and radiation. The function of clothing is to form a
resistance to this exchange (O'Callaghan, 49), and to interfere with the process of
sweat evaporation. Besides, it also reduces the sensitivity of the body to variations in
air temperature and velocity. The effect of air temperatures lower than 35 °C is a
reduction in the rate of "dry" heat loss from the body by producing a heating effect,
and the reason of this is that, less body surface is exposed since it is covered with
clothing. Air temperatures higher than 35 °C, on the other hand, causes a more
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complicated effect. Not only the "dry" heat gain from the environment is reduced by 
the clothes, but also the humidity in the clothing is increased and the air velocity 
over the skin is reduced since the body is covered with clothing, and this results in a 
reduction of the cooling obtained from sweat evaporation (Givoni, 68).
Since clothing forms a thermal insulation between man and his environment, it is 
classified according to its insulation value. The unit used for measuring clothing's
insulation is m2°C/w or the unit of thermal resistance called the "do". 1 do, which
is 0.155 m2°C/w (Lechner, 30 and INNOVA, 8) or 0.18 ^Chm^/kcal (Givoni, 68), 
represents roughly the thermal resistance of a winter business suit (CEC, 60).
The factors which affect the thermal insulation provided by the clothing are the 
thermal resistance of the fabrics, and stiffness and fit of the garments. Because of 
this reason, this insulation should be determined by the help of direct measurements 
of the dry heat exchange of subjects who are wearing the clothes (Givoni, 68).
The thermal insulation properties of various types of clothing are given in Table 2.2 
on page 119 at Appendix A.
2.1.2.2. Environmental Parameters 
Air Temperature
Air temperature —the simplest practical index of cold or warmth (O'Callaghan, 47)— 
is the dry-bulb temperature of the environmental air under ordinary room conditions. 
The ambient air temperature, the unit of which is °C, is the determinant factor of the
rate of the "dry" heat exchange of the body by convection. Up to 37°C the heat flow
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is from the human body to the air, and above this value the direction of the flow 
reverses (Lechner, 28). The factors which affect the rate of this heat exchange are air 
velocity and clothing (Givoni, 60).
It is possible to measure air temperature by a liquid in glass thermometer, a 
thermocouple, or an electric resistance sensor (including a thermistor). When the 
sensor is placed in a room, the value it shows is between air temperature and mean 
radiant temperature. In order to reduce the radiant error, the sensor should be made 
as small as possible. Another way to reduce the radiant error is to use a shield which 
is an open, polished aluminum cylinder around the sensor, or to increase the air 
velocity around the sensor by aspirating air through a tube in which the sensor is 
placed (Fänger, 140).
Mean Radiant Temperature (MRT)
The mean radiant temperature is an average temperature of the surrounding surfaces, 
therefore it is much more influential on human comfort than air temperature (CEC, 
61). Mean radiant temperature, the unit of which is °C, is defined in relation to a 
person in a given body posture and clothing placed at a given point in a room, as 
“the uniform temperature of black surroundings which will give the same radiant 
heat exchange with the person as the actual case under study” (Fänger, 43). Egan 
{Concepts in ITiernial Comfort 6), on the other hand, defines the mean radiant 
temperature as "a weighted average of the various radiant influences in a space".
The definitions mention that, it is not enough to measure the temperatures and areas 
of all surfaces in a room to calculate mean radiant temperature. The reason of this is
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that, this parameter is also a function of position since angle factors between 
emitting and receiving surfaces depend upon their relative locations (Egan, Concepts 
in Thermal Comfort 6).
Mean radiant temperature at a point in a room depends on the temperatures of all the 
surrounding surface areas in the thermal view of the point, and it affects the rate of 
heat gains and losses by radiation. Measuring the mean radiant temperature precisely 
is difficult, since it represents the shape and surface radiative characteristics of the 
human body with respect to surrounding surfaces.
One method to measure the mean radiant temperature is to measure the surface 
temperature of ceiling, walls, floor, etc. using thermocouples or thermoradiometer, 
and then calculate the mean radiant temperature using the formula derived by Fänger 
at different locations using the angle factor diagrams he has developed. This method, 
needs a lot of calculation work after the measurements are taken (Fänger, 141).
Another method involves using the globe thermometer, which is the mostly used 
instrument to determine the mean radiant temperature. It consists of a black 
spherical shell having a thermal sensor (mercury in glass bulb, thermocouple, 
thermistor) in the center of the globe, by the help of which, the mean temperature of 
the globe is determined. It is then possible to calculate the mean radiant temperature 




Air velocity has a significant effect on thermal comfort by removing the moisture 
and heat on the surface of the body (Egan, Concepts in Thermal Comfort 12). In 
other words, air velocity affects heat loss which occurs by convection and 
evaporation which, in turn, affects the cooling efficiency of sweating (Givoni, 65-9) 
Since air velocity affects convective heat loss from the body, air at a greater velocity 
seems cooler. People are sensitive to changes in air speed, the source of which may 
be natural convection, a fan or draught (forced convection) (Meier, 3). The unit used 
to measure air velocity is m/s.
In order to measure air velocity, the most commonly used instrument is the thermal 
anemometer which is able to measure the small velocities normally present in 
rooms, that is 0-0 5 m/sec. The important point here is the duration of the 
measurements. In order to obtain a reasonable mean value, the measurements should 
last for a suitable period such as 3 - 5 minutes. In cases where a small time interval 
is present, the mean value of a series of individual readings should be determined at 
some time intervals, or by the help of a recorder or an electric integrator. Another 
instrument that can be used is the silvered katathermometer, since it is possible to 
calculate the mean air velocity in the measuring period by the kata-value and air 
temperature. In cases of less exact measurements, smoke technique can also be used 
which· involves timing the movement of a smoke puff. For this purpose, smoke 
ampoules available in various types are used (Fänger, 140-1).
Relative Humidity (RH)
The humidity of the air is not a factor which directly affects the heat load acting
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on the body. It is the influential factor in the evaporative capacity of the air which in 
turn affects the cooling efficiency of sweating. It is possible to express the humidity 
in terms of relative humidity, absolute humidity, specific humidity or vapor pressure 
(Givoni, 63).
"Relative humidity in %, is the amount of moisture in air compared to the maximum 
amount that can exist at a given temperature without condensation" (Egan, Concepts 
in Thermal Comfort 8). The humidity of the air has a very important effect on the 
evaporation of sweat (Lechner, 28).
The effect of humidity on persons who are in thermal comfort is relatively moderate. 
The necessary temperature drop to counteract a change from absolutely dry air 
(rh=0%) to saturated air (rh=100%) is approximately 1.5-3.0°C (Fänger, 43). 
Besides, the humidity of the air has a little effect on thermal sensations at moderate 
air temperatures (15 - 25 °C) under steady-state conditions, that is when a person 
stays in the same space for a long time: an increase of 10% in relative humidity will 
have the same effect as an only 0.3 °C rise in air temperature. On the other hand, 
when a person moves from indoors to outdoors or from one space to another with a 
different humidity, that is under transient conditions, the change in humidity can 
have a 2 - 3 times greater thermal effect. The changes in humidity levels have also a 
considerable effect on thermal comfort in warm environments with an air 
temperature greater than 30 °C (CEC, 62).
The instruments which can be used to measure the vapor pressure are psychrometer, 
dew-point apparatus, hair hygrometer, or electrolytic hygrometer. It is sufficient to
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measure the humidity at one location only, since the vapor pressure will not show 
great variations throughout the room (Fänger, 142).
2.1.3. Local Discomfort
Thermal comfort implies satisfaction with the thermal environment. In order to 
provide thermal comfort, the first necessary condition is thermal neutrality, where an 
individual desires neither a warmer nor a colder environment. However, providing 
thermal neutrality is not necessarily a sufficient condition for comfort. It is also 
necessary that, no particular part of the body should be uncomfortably warm or cool. 
In other words, unilateral heating or cooling of the body, that is local discomfort 
should also be avoided so as to prevent dissatisfaction with the thermal environment 
(CEC, 63). When local discomfort is present, it is not possible to remove it by 
raising or lowering the temperature of the enclosure, instead, the cause of the 
localized over-heating or cooling should be removed (INNOVA, 14).
The causes of local discomfort can be classified into four groups: Draught, 
asymmetric thermal radiation, large vertical air temperature differences, and 
uncomfortable floor temperature.
The first cause, the draught, means the unwanted local cooling of the body caused 
by air movement, that is local convective cooling of the body. Draught is a serious 
problem not only in many ventilated buildings but also in automobiles, trains and 
aircraft. The most sensitive parts of the body to draught are the unclothed parts. 
Therefore, draughts are generally felt only on the face, hands and lower legs. The 
factors affecting the amount of heat loss from the skin caused by draughts are
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average air velocity, as well as the turbulence intensity of the airflow and the air 
temperature (INNOVA, 15-6).
Asymmetric or non-uniform thermal radiation, the second cause of local discomfort, 
involves cooling or heating of parts of the body by radiation as a result of which, 
one side of the body becomes warmer or cooler than the other. Asymmetric thermal 
radiation in a space may occur because of conditions like direct exposure to 
sunshine or being close to large window areas, uninsulated walls, cold or warm 
machinery, or improperly sized heating panels on the wall or ceiling, which cause an 
uncomfortable feeling for the body. The parameter used to describe this non­
uniformity in the thermal radiation field is the radiant temperature asymmetry, 
which is defined as the difference between the plane radiant temperature (tpr) of the 
two opposite sides of a small plane element (INNOVA, 17).
There are two ways to determine the parameter radiant temperature asymmetry. One 
way is to measure tpr in two opposite directions using a transducer that integrates 
the incoming radiation on to a small plane element from the hemisphere covering it. 
The other way is to measure the temperatures of all the surrounding surfaces and 
then to calculate the radiant temperature asymmetry as described by INNOVA (18).
The third cause of local thermal discomfort is large vertical air temperature 
differences, that is excessive temperature differences between the head and ankles 
(which result in cold feet and warm head at the same time) (INNOVA, 18). In most 
spaces in buildings, an increase in the air temperature occurs with height above the 
floor. If the gradient is large enough, local warm discomfort can occur at the head
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and/or local cold discomfort can occur at the feet, although thermal neutrality is 
present for the body as a whole. The opposite case in which the air temperature at 
head level is lower than that at ankle level will not be as critical for the occupants. In 
other words, a much greater differences could be tolerated in case when head is 
cooler (ASHRAE, 8.21).
Uncomfortable floor temperature is the last cause of local thermal discomfort as a 
result of which feet become too warm or too cool. The causes of the local discomfort 
of the feet can often be too high or too low floor temperature, and this occurs 
because of the direct contact between feet and floor. The discomfort is caused by the 
heat loss from the feet, so it is incorrect to talk about the thermal discomfort caused 
by the floor temperature The heat loss depends on parameters other than the floor 
temperature, such as the conductivity and the heat capacity of the material the floor 
is made from and the type of covering worn on the feet (INNOVA, 19).
2.1.4. Evaluation of Thermal Environments
It is possible to evaluate the quality of the thermal environment only when both the 
local and general thermal comfort parameters are investigated (INNOVA, 15). 
Thermal comfort is defined as "that condition of mind in which satisfaction is 
expressed with the thermal environment", as mentioned in a previous section. Since 
comfort is a "condition of mind", it is necessary to use empirical equations to form a 
relation between comfort perceptions and specific physiological responses. The 
thermal sensation scale used in these equations is referred to as the ASHRAE 
thermal sensation scale, and is the same as the Predicted Mean Vote (PMV) scale 
described later. This scale is as follows: +3 hot, +2 warm, +1 slightly warm, 0
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neutral, -1 slightly cool, -2 cool, -3 cold (ASHRAE, 8.16).
The PMV index is used to predict the mean response of a large group of people 
according to the ASHRAE thermal sensation scale. Fänger related PMV to the 
imbalance between the actual heat flow from the body in a given environment and 
the heat flow required for optimum comfort at the specified activity (ASHRAE, 
8.17).
2.2. Visual Comfort
Ruck (40) states that we receive information from our environment, 80% of which is 
of a visual nature since it is obtained by our eyes. The primary objectives in lighting 
design depend on the function of the interior for which the design is made. The 
spaces in which visual tasks are carried out are named as working interiors, and the 
main purpose of the lighting in such areas is to provide the performance of the visual 
tasks taking place there, that is visual performance. Visual performance is defined 
by Philips Lighting (127) as "the speed at which the eyes function and the accuracy 
with which a visual task can be carried out".
Although visual performance is the basic consideration in working interiors, it is 
observed that, lighting recommendations for working interiors, which take only 
visual performance parameters into account, are often insufficient. The reason of this 
insufficiency is that, in fact, most of the practical tasks are not the same as they are 
defined in the standards about lighting, and the same task shows variances in 
different working interiors. The studies conducted about the subjective assessment
of the levels of illuminance and luminance show that another very
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important design consideration in lighting is the creation of visual satisfaction in 
terms of comfort and pleasantness, and this requirement should be met in every 
environment regardless of the function being considered (Philips Lighting, 128).
2.2.1. Definition of Visual Comfort
Egan {Concepts in Architectural Lighting 41) defines the goal of architectural 
lighting as "to create the visual environment that best accommodates the functions 
intended (such as work or relaxation), and he mentions that "visual comfort results 
when we are able to receive the clear visual information that we instinctively or 
consciously want to know".
A visually comfortable environment is defined by Ruck (40) as "an environment in 
which an eye task such as reading a book or searching for an object is quickly and 
easily performed without distraction or the creation of stress", and such an 
environment is explained as one "that facilitates seeing by providing adequate 
illuminance, ensuring the appropriate distribution of luminances and directional 
lighting, and eliminating distraction and stress, in the accomplishment of visual 
tasks, generally caused by glare". The factors which influence the way wee see 
things are the quantity of light showing the amount of light, and quality of light 
received by our eyes, which requires the avoidance of glare, and these two factors 
are rnentioned by Ruck (57) as the parameters affecting visual comfort. The factors 
used to describe the quantity and quality of lighting, called lighting parameters, 
are listed by Philips Lighting (129) as lighting level (illuminance), luminance 
distribution, glare, modelling, and color. Besides, the factors which affect the 
subjective judgments of visual comfort are listed in the lESNA Lighting Handbook,
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as "room size and shape, room reflectances, illuminance levels, luminaire 
characteristics, number and location of luminaires, luminance of the entire field of 
view, observer location and line of sight, and differences in individual glare 
sensitivity" (Erhardt, 6).
2.2.2. Parameters Affecting Visual Comfort
When the different definitions of visual comfort, mentioned above, are analyzed, it 
is observed that, the parameters determined by all of them can be classified into two 
main groups: quantity of light and quality of light.
2.2.2.1. Quantity of Light
The quantity of light is represented by the lighting level, when interior lighting is 
considered, and the parameter which expresses the lighting level is illuminance 
(Philips Lighting, 129).
Illuminance
The unit used to define the power or rate at which light is emitted by a light source is 
lumen. The lumens emitted by a light source illuminate a surface, and in order to be 
able to compare different illumination schemes, light falling on equal areas should 
be considered. Therefore, illuminance is "a measure of the number of lumens falling 
on each square meter of a surface" (Lechner, 252), and defined as "the luminous flux 
incident on unit area of a surface". The unit of illuminance is the lux which is equal 
to lumen per square meter.
The instrument used to measure illuminance on a plane is the illuminance meter
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(Lechner, 252). An illuminance meter should match the sensitivity of the human eye 
by being color corrected. Besides, in order to measure illuminance accurately, it 
should be cosine corrected (Lechner, 507).
2.2.2.2. Quality of Light
Quality of light in an environment is determined by the distribution of luminances in 
a visual environment. The term has a positive meaning and it indicates that all the 
luminances provide visual performance, visual comfort, ease of seeing, safety and 
aesthetics for the involved specific visual task (lES, Rl-24, 25).
Luminance
For a specific task, there must be enough light to allow the work to be done safely 
and efficiently (Sorcar, 10). In fact, what we see is not illuminance; we see the light 
reflected from surfaces. The factors which determine the brightness of what we see 
are both the illuminance and the reflectance of a surface. The brightness measured 
by a meter is called luminance and it refers not only reflected but also to emitted or 
transmitted light (Lechner, 252-3).
Luminance is defined by CIBSE (54) as “a term which expresses the intensity of the 
light emitted in a given direction by unit area of a luminous or reflecting surface”, 
that is the luminous intensity of a surface or an object (Egan, Concepts in 
Architectural Lighting 233). It is the physical equivalent of what subjectively is
called brightness. The unit of luminance is the candela per square meter (cd/m^) 




There are limits for luminance relationships among various surfaces in the normal 
field of view in a space. Looking at a task provides the establishment of an 
adaptation level, and the eye's moving from one luminance to another requires a 
réadaptation to the new luminance level. The presence of a great difference between 
the two levels, causes a necessity for a period of time for the eye to adapt itself to 
the new situation. If the difference is too great, discomfort will occur caused by a 
transient change in pupillary opening and adaptation to the new level. These 
problems, which occur especially when large surfaces are present, can be avoided by 
keeping luminance differences between adjacent surfaces within acceptable limits 
(lES, A6-3).
Reflectance Factor
Reflection is defined by lES (Rl-25, 26) as "the process by which the incident flux 
leaves a surface or medium from the incident side, without change in frequency". 
The reflectance factor is used to determine how much of the light falling on a 
surface is reflected, and it is, therefore, an indication of the ratio of reflected flux to 
the incident flux, that is the ratio of luminance to illuminance. This factor shows 
only the amount of reflected light, it does not give information about how the light is 
reflected. The reflectance factor always has a value smaller than one, since the 
reflected light (luminance) is always less than the incident light (illuminance) 
(Lechner, 253).
Glare
When the sensation produced by luminance within the visual field is sufficiently
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greater than the luminance to which the eyes are adapted to, annoyance, discomfort, 
or loss in visual performance and visibility occur (lES, Rl-14). This “discomfort or 
impairment of vision experienced when part of the visual field (e g. sky or lamps) is 
excessively bright in relation to the general surroundings" is called glare, as defined 
by CIBSE (53). The factors which affect the magnitude of the sensation of glare are 
the size, position and luminance of a source, the number of sources and the 
luminance to which the eyes are adapted (lES, Rl-14).
There are two forms of glare, which are disability glare and discomfort glare. 
Disability glare is the form of glare the effects of which are the impairment of the 
ability to see detail, without always being accompanied by visual discomfort 
(CIBSE, 53). Therefore, such a glare causes a reduction in visual performance and 
visibility (lES, Rl-11). Discomfort glare, on the other hand, results in visual 
discomfort without necessarily interfering with the ability to see detail, that is visual 
performance or visibility (CIBSE, 53).
Glare may occur either in the form of direct glare, reflected glare or veiling 
reflection. Direct glare results when excessively bright parts of the visual field, such 
as high luminances or inadequately shielded light sources are in the field of view 
(CIBSE, 53). Therefore, "it usually is associated with bright areas, such as 
luminaires, ceilings and windows which are outside the visual task or region being 
viewed" (lES, Rl-10). Reflected glare, on the other hand, is "a term used to describe 
various visual effects, including reduction of contrast, discomfort and distraction 
produced by the reflection of light sources or other bright areas in glossy or smooth 
surfaces", as defined by CIBSE (53). When the light is reflected from a specular part
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of the task itself, it is called a veiling reflection, and it results in substantial losses in 
task contrast, visibility and visual performance. The reason of these reflections' 
being differentiated from others is that, "they act as if a luminous veil is 
superimposed on the task". Veiling reflections cause some loss of contrast whatever 
the degree of the veil between the task and its proximate background is. The result 
of veiling reflections is a decrease in visual performance, although it is often not 
possible to detect them by the eye (lES, A6-5).
Color
The color qualities of a light source are determined by its color appearance and color 
rendering capabilities. The color appearance of a lamp refers to the apparent color of 
the light it emits, which may be described by its correlated color temperature, 
expressed in degrees Kelvin. The other factor used to simplify the description of a 
light source is its color rendering capabilities, and it is expressed in terms of color 
rendering index. Color rendering index (CRJ) is used to compare light sources with a 
standard source of white light. A CRI of 100 indicates a perfect match, while a CRl 
of 90 is accepted as quite good, and a CRI of 70 is also considered acceptable for not 
critical applications (Lechner, 255-7).
2.3. Acoustical Comfort
In order for a building to provide the most suitable environment for its occupants, 
acoustical comfort should also be provided as well as thermal and visual comfort. 
Although the reaction of people towards their thermal and visual environments is 
more or less passive, they have a direct interaction with their acoustical environment
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by means of speaking, singing, using devices, machinery, etc. (Lawrence, 60).
2.3.1. Definition of Acoustical Comfort
Rabinowitz (G-1) defines the primary objective of the acoustical environment as "to 
be responsive to the activities within the building", and he mentions that this can be 
provided by supporting clear communication, and providing privacy and a lack of 
acoustical interference.
The acoustical environment of a space is determined by the physical geometry of the 
space, the materials used in its construction, and the factors which are effective in 
determining whether an acoustical environment is successful or not —the expected 
level of acoustical performance— are the type of the space and its intensity of use 
(Rabinowitz, F-1). Therefore, while the expected level of acoustical performance is 
the need for a safe environment in an industrial environment where prevention of 
noise-induced hearing loss is the main concern, in an environment such as a typical 
office, the expected level of acoustical performance may be comfort (AES, xi).
2.3.2. Parameters Affecting Acoustical Comfort
Rabinowitz (F-1) and AES (xi) discuss the quality of the acoustical environment in 
an enclosed space, that is the parameters of acoustical comfort in terms of three 
main characteristics. These characteristics, which are all quantifiable, are the 
ambient sound level, reverberation time, and attenuation which involves sound 
propagation or transmission within the space or sound transmission through walls, 
partitions, etc. The quality of the acoustical environment can be determined by direct 
measurements of these three criteria, which are then compared with accepted
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standards of acoustical performance (Rabinowitz, F-2)
The parameter considered in this study is the ambient sound level The other two 
parameters could not be evaluated since the equipment necessary to measure them 
were not available. Because of this reason, only the ambient sound level will be 
explained in this section.
2.3.2.1. Ambient Sound Level
AES (8) defines ambient sound as "the composite value of airborne sound from all 
sources associated with a given environment", and this definition is explained by 
Cowan (271) as "the total noise level in the acoustic environment, usually including 
the noise source of interest". Besides, Rabinowitz (G-1) defines the term as a 
measure of the amount of existing background noise level.
The term sound level refers to a logarithmic ratio of sound power or other 
parameters proportional to sound power. The unit of sound level is the decibel (dB). 
In evaluating environments in terms of sound levels, overall and octave band 
measurements are the most commonly used types, and most noise measurements are 
in terms of sound pressure level. In an overall measurement, the sound environment 
is described by a single decibel value which considers all frequencies. However, 
human ear does not perceive all frequencies in the same way, and therefore, how we 
hear the sound is different from how a microphone does. Although the human audio 
frequency range covers a range between 20 Hz and 20 kHz, the frequencies to which 
people are most sensitive are between 200 Hz and 10 kHz (Cowan, 36). In order to 
consider these variations, weighting systems are used. The most common weighting
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network, having an international use, is the A-weighting network, which provides 
considering the frequency sensitivity of the human ear in overall sound level 
measurements, and the unit used is dBA (Lawrence, 61).
According to AES (8), there may be three components of ambient sound level in 
buildings, and these are sources external to the building like traffic, aircraft, etc.; the 
acoustical output of the building systems (lighting, plumbing, mechanical and 
transportation), and sounds generated by the occupants including speech, 
circulation, movement of seats, closing of doors, etc. The important point here is 
that, the quantity of the sound generated by the occupants and their activities is often 
much greater than that produced by the building systems (AES, 9).
The instruments used to measure ambient sound levels are the sound level meter and 
the digital frequency analyzer (AES, 10). The sound level meter, which is very 
useful for measuring sound levels involves a microphone and suitable electrical 
equipment to convert the sound falling on the microphone into a meter reading 
which shows the sound-pressure level in decibels (Knudsen and Harris, 13-14). It is 
possible to measure overall sound levels as either linear or A-weighted values. A 
single number value is obtained by these measurements, and this value can be read 
directly from the sound level meter (AES, 10).
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3. ENVIRONMENTAL COMFORT STANDARDS FOR THE
DESIGN STUDIO
There are limited ranges of heat, light and sound by the help of which, thermal, 
visual and acoustical comfort are provided. The factors which determine these limits 
are the capabilities of man’s visual and hearing systems, as well as his ability to 
make physiological and behavioral adjustments to provide a balance between the 
body and the environment (Ruck, 262). In this chapter, after defining the design 
studio in architectural education, the standards for the parameters of environmental 
comfort are given, considering the design studio. The sources which are used to 
compile the standards are those of International Organization for Standardization 
(ISO), Catalogue of European Standards (CEN), American Society of Heating, 
Refrigerating and Air-Conditioning Engineers (ASHRAE), International 
Commission on Illumination (CIE), the Ministry of Public Works -  Housing, and 
the Ministry of Environment.
3.1. Definition of the Design Studio in Architectural Education
Design studios are the special classrooms in design and art education in which the 
design students spend most of their time. There are three main categories of 
activities in a design studio which are the thinking process of design, critics about 
design ideas (including juries), and preparing presentations such as drawings,
paintings, model making, etc. All of these activities may take place either as
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individual or group work. The individual work, which also involves the private 
design critics between a student and a teacher, is performed on the work surfaces 
belonging to each student. Group work in a design studio is similar to individual 
work except for the fact that, it requires a larger work space. Because of the 
diversity of activities in a design studio, the environment should be designed so that 
all the activities mentioned above can take place simultaneously, without 
interrupting each other.
Another important characteristic of the design studio is that, there is a living process 
within these environments, and this is the basic difference of a design studio from 
other classroom environments. In other words, design students spend a great portion 
of their times in the design studios not only during the class hours but also in their 
free time (Schön, 32). Therefore, the requirements for environmental comfort, the 
components of which are thermal, visual and acoustical comfort, should be carefully 
examined in designing these environments.
3.2. Standards for Thermal Comfort
Man’s intellectual, manual and perceptual performance is the highest when the 
environment is evaluated as thermally comfortable, as mentioned by O’Callaghan 
(43). Because of this reason, acceptable thermal comfort conditions should be 
determined for the design studios. The important point is that, comfort in an 
environment is complex and affected by all the personal and environmental 
parameters simultaneously. Therefore, in order to provide thermal comfort, all the 
criteria given in the following sections should be provided together 
(ANSI/ASHRAE 55, 3).
30
Because of the varying biological, emotional and physical characteristics of the 
occupants, it is not possible to satisfy everyone simultaneously. Therefore, the 
designer should aim at creating conditions by which thermal comfort is provided for 
the highest possible percentage of the group (Fänger, 13), as mentioned previously. 
EN/ISO 7730. 1994, Moderate Thermal Environments - Determination o f the PMV 
and PPD Indices and Specification o f the Conditions for Thermal Comfort, 
determines the comfort reqiiirements considering that acceptable thermal sensation 
is provided for 90% of the occupants. In other words, the Predicted Percentage of 
Dissatisfied (PPD) should be lower than 10%, and the Predicted Mean Vote (PMV) 
should have a value between -0.5 and +0.5 (EN/ISO 7730, 5). ANSI/ASHRAE 
Standard 55-1992, Thermal Environmental Conditions for Human Occupancy, on 
the other hand, determines the conditions for thermal comfort considering that at 
least 80% of the occupants will evaluate the thermal environment as thermally 
acceptable (ANSI/ASHRAE 55, 3).
Havalandırma ve Klima Tesisati, and Kalorifer Tesisatı published by the Ministry of 
Public Works - Housing are two guides in which the requirements for providing 
thermal comfort exist. The values given in these handbooks are the ones which are 
valid in the applications in Turkey.
3.2.1. Standards for Personal Parameters 
Activity Level or Metabolic Rate
The most common activity in which most people in today's society are involved, in 
many of the occupied spaces is light, mainly sedentary activity as mentioned in 
EN/ISO 7730 (22) and ANSI/ASHRAE 55 (4), which is also the case for a design
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studio. The activity level for this activity can be accepted around 1.2 met
(70 w/m2) (EN/ISO 7730, 22 and ANSI/ASHRAE 55, 4). The acceptable thermal 
environmental conditions, that is comfort limits for such an activity level for both 
winter and summer conditions are described in the sections below.
Thermal Resistance of Clothing
The factors which affect to a great deal the clothing worn by people indoors are the 
season and outdoor weather conditions. During the summer months, typical clothing 
in places similar to studios consists of lightweight dresses, lightweight trousers, 
short-or-long-sleeved shirts and blouses, and occasionally a suit jacket or sweater. 
The clothing insulation values of these ensembles range from 0.35 to 0.6 do 
(ANSI/ASHRAE 55, 5). The value assumed by EN/ISO 7730 (22) for summer
conditions is 0.5 clo=0.078 m2°C/w. During the winter months, on the other hand, 
the garments worn by people are made of thicker, heavier fabrics, and they often add 
more garment layers to the ensemble. The clothing insulation value of a typical 
indoor winter ensemble ranges from 0 8 to 1.2 do (ANSI/ASHRAE 55, 5). EN/ISO 
7730 (22), on the other hand, assumes this value for winter conditions as 1 
clo=0.155 m2°C/w.
3.2.2. Standards for Environmental Parameters 
Operiative Temperature (to) and Relative Humidity
Operative temperature is the parameter by the help of which the air temperature and 
mean radiant temperature are considered as one parameter. For low air velocities, 
that is less than 0.2 m/s, the operative temperature is the average of the air and mean
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radiant temperatures (CEC, 62). The factor affecting the temperature range for 
comfort is the seasonal clothing habits of building occupants; and this range in 
summer has a higher value than that in winter (ANSl/ASHRAE 55, 4). In Figure 3.1, 
the acceptable range of operative temperatures and humidities for winter and 
summer is given on a psychrometric chart.
10
Fig. 3.1 Acceptable ranges of operative temperature and humidity for people in 
typical summer and winter clothing during light, primarily sedentary activity 
(ANSI/ASHRAE 55, 8).
Because of the physiological and psychological, clothing and activity differences 
among the occupants, the boundaries of the zone are not as sharp as given in Figure 
3.1 (ANSI/ASHRAE 55,5). The consideration in determining the upper and lower
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humidity levels is the maintenance of acceptable thermal conditions based only on 
comfort considerations which involve thermal sensation, skin wettedness, skin 
dryness, and eye irritation. According to this figure, the coordinates of the comfort 
zone are given as:
a) Summer: The operative temperature should have a value between 22.5 °C and 26 
°C at 20°C wet bulb, and between 23.5 °C and 27 °C at 2 °C dew point. Besides, 
according to EN/ISO 7730 (22), this value should be between 23 °C and 26 °C, that 
is 24.5 °C ± 1.5 °C, where the relative humidity should have a value between 30% 
and 70%.
b) Winter: The operative temperature range for comfort is between 20 °C and 23.5 ° 
C at 18°C wet bulb, and between 20.5 °C and 24.5 °C at 2 °C dew point. The range 
given by EN/ISO 7730 (22), on the other hand, is between 20 °C and 24 °C, that is 
22 °C ±2 °C at relative humidities between 30% and 70%. Havalandırma ve Klima 
Tesisatı (216) also specifies allowable air temperatures for winter conditions so as to 
provide thermal comfort for different types of human occupancies. The value 
determined for classrooms and rooms group study is 22 °C dry bulb, where the 
relative humidity should be between 40% and 55%. In Kalorifer Tesisati (179), on 
the other hand, the required air temperature for classrooms is given as 20 °C dry 
bulb.
If clothing levels differ from those given above, in order to provide comfort 
conditions, the temperature ranges of Figure 3.1 should be lowered by 0.6 °C for
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each 0.1 do of increased clothing insulation (ANSI/ASHRAE 55, 7). An important 
point is that, in order to provide comfort at lower temperatures, a reasonably 
uniform distribution of clothing insulation should be provided over the whole body 
and, especially, for hands and feet. Besides, the minimum operative temperature 
should not be lower than 18 °C for sedentary activity lasting for more than an hour.
Air Velocity
There is no minimum air speed required for thermal comfort within the thermally 
acceptable temperature ranges given in Figure 3.1. However, it is necessary to avoid 
draughts for sedentary persons, the requirements for which are given in section 3.2.3 
and Figure 3.2. People having higher activity levels are not so sensitive to draughts 
(ANSI/ASHRAE 55, 7).
If a means is provided to increase the air speed, it is possible to increase the 
temperature above the level allowed for the comfort zone. The effects of increasing 
air speed depend on clothing, activity, and the difference between the surface 
temperature of the clothing / skin and the air temperature. The air speed necessary 
for clothing and activities which correspond to the summer comfort zone in Figure 
3.1 should be smaller or equal to 0.15 m/s. When sedentary people are considered, it 
is not possible to increase the temperature by more than 3 °C above the comfort 
zone, and also this option may not be used if the required speed is more than 0.8 
m/s. If this option is used, the air speed and/or direction at work locations should be 
directly controllable by the affected occupants and adjustable in steps, the maximum 
of which is 0.25 m/s (ANSI/ASHRAE 55, 7).
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3.2.3. Standards for Avoiding Local Discomfort 
Draught
Both ANSI/ASHRAE 55 (4) and EN/ISO 7730 (17) determine the required 
conditions to minimize the risk of draught, assuming that the maximum percentage 
of people dissatisfied because of draught is 15% at every point in the occupied zone.
The factors influencing the risk of draught are the mean speed, the turbulence 
intensity, and the temperature of the air (ANSI/ASHRAE 55, 10). In Figure 3.2, the 
limits for mean air speed in order to limit the draught risk are given for different 
combinations of air temperature and turbulence intensity. The turbulence intensity 
may vary between 30% and 60% in conventionally ventilated spaces. In rooms with 
displacement ventilation or without ventilation, the turbulence intensity may be 
lower. If the person has individual control of the local air speed, higher air speeds 
may be acceptable (ANSI/ASHRAE 55, 10).
Air Temperature, “C.ta; 
22.2 23.3 24.4 26.7
Fig. 3.2. Allowable mean air speed as a function of air temperature and turbulence 
intensity (ANSI/ASHRAE 55, 10)
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Asymmetric Thermal Radiation
Another factor which may cause local discomfort and reduce the thermal 
acceptability of the space is asymmetric radiation from hot and cold surfaces and 
from direct sunlight. The radiant temperature asymmetry in the vertical direction 
indicates the difference between the plane radiant temperatures of the upper and 
lower parts of the space with respect to a small horizontal plane which is 0.6 m 
above the floor for seated persons, and 1.1m above the floor for standing persons. In 
order to minimize thermal discomfort, the radiant temperature asymmetry in the 
vertical direction should not exceed 5 °C, according to both ANSI/ASHRAE 55(9) 
and EN/ISO 7730(22). The radiant temperature asymmetry in the horizontal 
direction is the difference between the plane radiant temperatures in opposite 
directions from a small vertical plane being 0.6 m above the floor for seated persons 
and 1.1 m above the floor for standing persons. ANSI/ASHRAE 55(9) and ISO 
7730(22) both mention that, the radiant temperature asymmetry in the horizontal 
direction should be less than 10°C so as to limit local discomfort. Although the 
recommended values are the same for both standards, their considerations in 
determining these values are different. ANSI/ASHRAE 55 considers both hot and 
cold surfaces (warm ceilings, and hot and cold vertical surfaces), whereas EN/ISO 
7730 takes only warm ceilings and cold vertical surfaces into account. Therefore, 
although no season limitation exists in ANSI/ASHRAE 55, only winter conditions 
are considered in EN/ISO 7730.
Vertical Air Temperature Difference
Generally, there is an increase in the air temperature in an enclosed space, from the 
floor to the ceiling. Although the body is thermally neutral as a whole, this increase
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may cause local warm discomfort at the head and/or cold discomfort at the feet, if it 
has a sufficiently large value. In order not to cause local discomfort, the vertical air 
temperature difference within the occupied zone, measured at 0,1 m and 1.7 m levels 
(head and ankle level for standing occupants), should not be greater than 3 °C 
(ANSI/ASHRAE 55, 9). ISO 7730 (22) on the other hand, determines 3 °C as the 
maximum allowable vertical air temperature difference between 0.1 m and 1.1 m 
above the floor (head and ankle level for seated persons).
Floor Temperature
For floors that people with typical indoor footwear occupy, the allowable range for 
the surface temperature of the floor is between 18 °C and 29 °C, in order to 
minimize foot discomfort. For floors which may be occupied with bare feet, the 
floor material is the determinant factor of the optimal floor temperature, as 
mentioned by ASHRAE Handbook-Fundamentals, Chapter 8 (ANSI/ASHRAE 55, 
9). In EN/ISO 7730 (22), it is mentioned that, during winter conditions, the surface 
temperature of the floor should normally have a value between 19 °C and 26 °C, but 
it is possible to design the floor heating systems for 29 °C. Such a requirement for 
floor temperature is not mentioned by EN/ISO 7730 for summer conditions.
3.3. Standards for Visual Comfort
lES (A6-1) defines the goal of educational facility lighting as "to provide an 
optimum visual environment for both student and instructor in each school situation 
that is supportive of the learning process". The visual environment which will 
provide this goal is one where the occupants of the space can see their visual tasks
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accurately, quickly and comfortably.
In order for a visual environment to support the learning process, it should be 
visually comfortable and satisfy the learners' psychological and emotional needs 
(lES, A6-1). The effects of improper lighting on the occupants are eyestrain, fatigue 
and discomfort (which would be easily noticeable and attributable only under the 
most extreme conditions) Rabinowitz (G-1). On the other hand, the effects of proper 
lighting design on the occupants is the enhancement of pleasant and attractive 
surroundings, providence of a feeling of spaciousness and delineation of areas when 
it is utilized as a part of architectural design in a suitable manner. Besides, the 
effective use of lighting is an influential factor in attracting and holding attention, 
stimulating learning and influencing behavior in a positive way (lES, A6-1).
In educational facilities, there are different visual tasks varying in size, viewing 
direction and distance, and contrast. In other words, there are both near and far 
visual tasks, being small and large in size, and on matte or glossy -surfaces. This 
necessitates the students' adopting from approximately looking straight down to 
looking along or above the horizontal, for example, drawing on a table to looking at 
the drawings hung on the walls. Since the visual tasks in educational facility areas 
show a great variety, a uniform lighting system throughout an educational facility 
does not provide optimum visual performance in every area (IBS, A6-1, A6-2).
The required visual environment for typical classroom activities are provided by 
artificial and natural lighting. This combination should provide the optimum 
conditions for performing the required tasks, and the suitable visual environment
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when looking away from the task for relaxation or change of task (ISO 8995, 8).
3.3.1. Standards for Quantity of Light
The factors which are effective in determining the required illuminance levels are 
the kind of task that will be performed in the space and the way it will be carried out 
in day to day activity. The other factors that should be considered are the amount 
and percentage of time spent on each task, the degree of importance of each task, 
speed and accuracy, the visually most difficult and most fatiguing tasks and the 
occupants' ages (ANSI/IES RP3, 9).
In learning spaces, mostly more than one visual tasks are involved, and in order to 
determine the suitable illuminance, first each visual task in the space should be 
examined in terms of size, contrast and time. The required illuminance can then be 
determined considering the most demanding visual task for which an important part 
of the time is spent and the effects of the lighting system on other aspects of the 
whole environment (lES, A6-6).
In some cases, selecting the commonly occurring, most difficult task while 
determining the required illuminance in classrooms or other teaching stations may 
lead to uneconomically high illuminances. To prevent this, an adequate level for the 
less demanding tasks may be provided and higher illuminances may be obtained by 
increased illuminances at each task location where necessary. By this way, sufficient 
general illumination is provided by ambient lighting and task lighting is applied only 
at certain points, such as drafting tables and chalkboards. The important point here is 
that, during this application, the 3 to 1 ratio of luminances mentioned in Figure 3.3
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should not be exceeded (lES, A6-6).
ISO 8995 (9) determines illuminance ranges for different areas, tasks or activities. 
These values are related to the visual requirements of the task, practical experience, 
and the need for cost-effective use of energy. They aim at providing visual 
performance and comfort. A range of three illuminances is given for each type of 
area. The illuminance range given for tasks with demanding visual requirements 
involves 500-750-1000 lx, and this is the range which is determined for classrooms 
used for drafting purposes by ISO 8995 (27). The illuminance value recommended 
for drafting rooms by Elektrik Tesisatı Proje Düzeuleme Esasları, published by the 
Ministry of Public Works -  Housing, is 400 lx. These values are the values required 
on the task plane. Thus, in case of flat, horizontal desk-tops, horizontal illumination 
is required for the tasks taking place on the desks. For vertical tasks, on the other 
hand, such as drawings hung on the walls etc., vertical illumination is required. 
Similarly, tasks which are tilted, such as drafting tasks, necessitates illumination on 
the tilted plane (ANSI/IES RP3, 9).
3.3.2. Standards for Quality of Light
Quantity and quality of illumination are factors depending on each other, that is, 
lighting having a sufficient quantity has little value if it does not have appropriate 
quality (lES, A6-2, 3). The quantity of illumination, although being the most 
common measure, cannot determine the lighting quality alone. In fact, improperly 
designed, a higher quantity of light can have a detrimental, rather than a beneficial 
effect on occupants (Rabinowitz, G-1 ).
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In educational facility lighting, if good visual performance is expected, lighting 
quality should be carefully examined. The quality of educational facility lighting 
involves factors which provides a quick and accurate performance of a visual task, 
and a comfortable and pleasing environment (lES, A6-2, 3).
Luminance
In order to provide lighting quality, almost all luminances should contribute to 
visual performance, visual comfort, ease of seeing, safety and aesthetics, depending 
on the visual tasks being performed. The important factors in this respect are the 
distribution, size and range of brightnesses within an environment, since they are 
influential on comfort, eye adaptation and contrast rendition (lES, A6-3).
Luminance Ratios
The luminance pattern of a room is mainly determined by the luminances of the 
surfaces which are visual task, immediate surroundings of the task, general 
background of the task, vertical planes opposite the observer, ceiling, luminaires and 
windows (ISO 8995, 14). In order to provide visual comfort, the significant surfaces 
viewed directly should not have a luminance greater than five times the luminance 
of the task. The luminance of any large area regardless of its position in the room 
should not be less than one-third the luminance of the task. The surfaces which are 
immediately adjacent to the visual task are more important than the more distant 
ones in the visual surround, when visual comfort and performance are considered. 
These surfaces, such as desk tops, should not exceed the luminance of the task, and 
the minimum allowable luminance is one-third that of the task. Besides, the 
luminance difference between adjacent surfaces in the visual surround should be
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kept as low as possible. The required luminance ratios among various surfaces in
educational facilities are given in Figure 3,3. (LES, A6-3).
NOT LESS THAN 1/3 x 
TASK lu m in an c e
Fig, 3.3, Required illuminance ratios among surfaces in educational facilities 
(lES, A6-3)
Obtaining the suitable luminance ratios over the whole visual field of view requires 
limiting the luminance of luminaires and fenestration, and increasing the luminance 
of all interior surfaces, and this requires appropriate reflectances and distribution of 
light (lES, A6-3).
Reflectances
In order to provide the required reflectances for visual comfort, the surfaces of 
walls, including tackboards and large cabinets or cupboards mounted on the wall, 
should have nonspecular surfaces having a reflectance between 40% and 60%. 
Besides, blinds or drapes, similar to the walls, should be light colored having similar 
reflectances. In order to prevent excessive luminance ratios between the windows
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and the walls beside them, these walls should have very high diffuse reflectances 
The most important surface in reflecting light toward tasks on desk tops is the 
ceiling, and this requires a surface which is as nearly white as possible and 
nonspecular. Obvious brightness differences between the ceiling and the luminaires 
should not be allowed, regardless of whether the luminaires are mounted within or 
below the ceiling (lES, A6-3, 4).
When the desk-top tasks are considered, it is observed that, floors provide the 
secondary background, which necessitates a nonspecular reflectance as high as 
possible. Besides, the luminance of floor or floor coverings should be lower than 
that of walls (IES,A6-4). The necessary reflectances for various surfaces in 
educational occupancies are given in Fig. 3.4.
Fig. 3.4. Required reflectances for surfaces in educational facilities (lES, A6-5)
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Direct Glare
Direct glare, which occurs because of too bright light sources —electric or daylight- 
should be avoided in educational spaces. Increase in the brightness of glare sources 
cause distraction, discomfort and, finally, disability glare, which causes an 
impairment of seeing. Prevention of direct glare in a design studio requires 
controlling the windows by the use of shades, blinds, louvers, baffle systems or roof 
overhangs. The penetration of sunlight can be a major source of glare, since it has an 
excessively high luminance. In order to prevent this, some sort of screening should 
be provided in order not to allow the sunlight to enter a space (ISO 8995, 10; and 
lES, A6-4). The presence of luminaires with too high luminance for their 
environment lead to discomfort glare when they are viewed directly or reflected 
from specular surfaces. To prevent this discomfort, suitable control devices 
including louvers, baffles, etc. should be used (lES, A6-4).
Reflected Glare and Veiling Reflections
Reflected glare which occurs because of the reflection of light sources-in the field of 
view may be caused by luminaires, windows or other sources. These reflections, 
which are secondary high luminance sources, are mostly uncomfortable and 
distracting, and their presence near the visual task causes a reduction in task 
visibility. Reduction of reflected glare can be provided by the use of non-glossy 
finishes on furniture, equipment and room surfaces, and by the use of low luminance 
sources (ISO 8995, 10 and lES, A6-4, 5).
One of the reasons of important losses in task contrast, and in visibility and visual 
performance is the light reflected from a specular part of the task itself, called
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veiling reflections. Since veiling reflections result a reduction in visual performance 
because of causing a loss of contrast, they should be eliminated when the visual 
tasks in educational facilities are considered (lES, A6-5) In order to minimize 
veiling reflections, one method is to raise the task illuminance with local lighting, 
the positioning of which does not cause veiling reflections. Another way of reducing 
reflected glare and veiling reflections is to use luminaires having a large surface area 
and low luminance. Besides, it is also possible to increase the luminance of the 
whole ceiling by the use of high-reflectance matte finishes on ceilings, walls and 
floor (ISO 8995, 10).
Color
Another important consideration for the lighting designer, interior designer and the 
architect in educational spaces is color. In order to provide the required quality and 
quantity of illumination and positive psychological effects on students and teachers, 
light colors should be preferred. The recommended reflectances and luminance 
ratios given in Figures 3.3 and 3.4, require the use of lighter colors on ceiling, walls, 
floor and furniture. While using light colors, creation of bland and uninteresting 
results because of an extreme use of such colors should be avoided (lES, A6-5).
In some spaces of educational facilities, such as elementary classrooms, art rooms 
and clothing classrooms, color rendition is quite important (lES, A6-5). The color 
rendering index range determined by ISO 8995 (12) as suitable for drafting rooms 
is between 80 and 90. Therefore, in such spaces, the selected light sources should 
make the appearance of materials as possible as they are under daylight (EES, A6-5).
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Shadows
When shadows fall on visual tasks, the luminance of the task reduces, and this may 
result in the loss of effective seeing. Shadows which are sharply defined or too near 
the task, may cause annoyance. The important point is that, shading and shadows 
should not be extremely dense or confusing, and they should not be completely 
eliminated (ISO 8995, 12). Many areas of educational facilities require lighting 
which provide modelling desirable shadows in varying degrees --from relatively 
indistinct shadows to stark shadows producing intentional dramatic effects—. These 
areas involve shops, sewing rooms, food rooms, art rooms, etc., and their 
commonalty is that, three dimensional surfaces are viewed in all (lES, A6-5).
In drafting rooms, shadows occurring along T-squares and triangles cause a 
reduction in visibility, and the presence of harsh directional shadows caused by 
drawing instruments and hands may reduce efficiency. Lighting systems by the help 
of which reflections are not allowed are important in providing maximum contrast 
(ANSI/IES RP3, 21).
In order to minimize objectionable shadows, it is possible to use large luminous area 
systems, indirect, semi-direct, or other forms of overall ceiling lighting. In cases 
when these systems cannot be used because of unsuitable ceiling heights or energy 
constraints, direct lighting systems can be applied if illumination of the drafting 
board from the sides is provided. When such a system is preferred, it should be 
considered that veiling reflections and reflected glare are minimized by the absence 
of any luminaire in the offending zone. It is also possible to avoid shadows or 
reflections, and to provide the students' positioning the light for critical task
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3.4. Standards for Acoustical Comfort
As mentioned before, the factors affecting the acoustical environment of a space are 
the type of the space and how it is used (Rabinowitz, F-1). Therefore, the methods 
for determining acceptable sound levels inside buildings vary according to the type 
of occupancy being considered.
The primary aim of a school building is to promote learning. Since learning is 
achieved mainly by listening, acoustics has a very important role in determining 
how well a school building serves its basic function. Design studios, similar to 
classrooms, have the function of oral instruction, as mentioned by Knudsen and 
Harris (296), and therefore, suitable conditions for speech communication should be 
provided in these environments (Lawrence, 179).
3.3.1. Standards for Ambient Sound Level
It is mentioned in ISO Standards Handbook (3) that the International Standards in 
the field of acoustics involve only measurement methods; no limits are given in 
these standards. Besides, ISO 6243-3: 1992, Building Construction - Expression o f 
Users’ Requirements - Part 3: Acoustical Requirements (4), recommends that 
national standards or codes of practice should be consulted as sources of information 
in determining limits.
requirements by using supplementary lighting equipment attached to the drafting
table by the help of its movable support arms (ANSI/IES, 21).
The national standards of Turkey for the acoustical environment exist in the
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Noise Control Regulation developed by the Ministry of Environment. The aim of 
this regulation is to provide the development of an environment which does not 
disturb the comfort of people, and their physical and mental well-being (127).
ISO 6243-3; 1992 (4) determines the factor affecting the choice of criteria in 
classrooms as activities and tasks in relation to acoustical comfort, and mentions that 
appropriate sound levels should be provided for this purpose. Besides, Noise Control 
Regulation (129) categorizes school buildings among the buildings in which 
acoustical considerations are very important. In these buildings, because of their 
function, the required sound should be heard in the best possible way. To provide 
this, the building should be away from excessive outside noise, and also the 
presence of excessive inside noise should be prevented.
Rabinowitz (F-6) mentions that, ambient sound levels in classrooms should be low 
enough to prevent interference with clear hearing, which in turn affects learning 
activities, and be high enough to prevent masking of minor noises. This ambient 
background noise level is mostly provided by outside sources, mechanical systems 
and lighting equipment which are not well-functioning. Noise Control Regulation 
(140) determines the allowable sound level in classrooms as 45 dBA, which is 
expressed in Leq, which is defined as the sound pressure level averaged over the 
measurement period.
Noise Control Regulation (132) also determines the maximum allowable sound 
levels developed to prevent hearing impairment, which are given in Table 3.1.
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Table 3.1.
Maximum Allowable Sound Levels in Occupancies








Source: Noise Control Regulation (132)
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4. CASE STUDY: EVALUATION OF THE lAED DESIGN
STUDIOS IN TERMS OF ENVIRONMENTAL COMFORT
CONDITIONS
Environmental comfort research can be conducted in either laboratories, or in field 
settings which typically include buildings with real occupants. In laboratories, 
factors influencing environmental comfort are isolated from external influences, and 
one or more variables are manipulated. In field studies, on the other hand, the real- 
life conditions are represented, and this provides a greater external validity for these 
studies, and prevents the artificiality of the laboratory conditions (Dear, Leow and 
Foo, 259).
The experimental studies conducted in laboratories require a setting which has high 
initial and management costs. Besides, evaluating the sensations of subjects who are 
not the real occupants of that built environment will not give very sensitive results in 
determining occupant satisfaction. Therefore, in order to determine the reactions of 
the occupants towards their environment, and the relationship between these 
reactions and the elements of the built environment, it is more suitable to conduct a 
field study (Yılmaz and Özgünler, 2).
This study is a field study which aims at evaluating the environmental comfort
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4.1. Description of the Design Studios at FF Building
For the case study, the design studios at FF Building of the Department of Interior 
Architecture and Environmental Design (lAED) of the Faculty of Art, Design and 
Architecture at Bilkent University in Ankara, Turkey have been analyzed. For this 
purpose, four design studios which are F207, F208, F308 and F309 have been 
chosen.






Fig. 4.1. General layout of the studios
The F207 and F208 studios are located on the second floor, and they are adjacent to 
each other. The F308 and F309 studios, on the other hand, are on the third floor just 
above the mentioned two studios. The dimensions of all the studios are the same, 
whereas there are differences in their orientations, and in number and dimensions of 
windows.
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The F207 studio is just below the F308 studio, and both studios have the same 
physical characteristics. Two walls of the studios are facing outside, where the short 
side is facing west and the long one is facing south, and windows are present on 
both walls. The windows on the short side are overlooking the student parking lot 
and the main traffic road of the campus. In other words, there are no visual 
obstructions on this side of the building. The south side of the studios, on the other 
hand, are looking towards other two studios in the building, and the distance in 
between is approximately 4.5m.
The F208 studio is located below the F309 studio, but they are not identical. Similar 
to the other two studios explained above, these studios have also two walls facing 
outside. While the short side is again facing west, the long side is facing north. The 
north side of the studios are overlooking the main pedestrian road of the campus, on 
which there are no obstructions for the studios. The differences between the studios 
are the window number and size on the long side of the studios. The windows of the 
F208 studio start from the floor level, and there are three windows. The windows of 
the F309 studio, on the other hand, are located Im above the floor, and the number 
of windows are two, because of a room adjacent to this studio. This room causes an 
obstruction for the window of the F208 studio just below it.
The east walls of all of the studios are adjacent to the corridor within the building. 
While the corridor on the second floor is overlooking the entrance hall of the 
building on the ground floor, a wall is present on that side of the corridor on the 
third floor.
53
4.2. Parameters of the Case Study
In order to be able to evaluate the performance of a built environment in terms of 
environmental comfort conditions, it is necessary to determine the existing 
environmental conditions according to the requirements in the relevant standards, 
and the reactions and opinions of the occupants about the environment. The existing 
environmental conditions are determined by physical measurements of the 
environmental comfort parameters, and the subjective responses of the occupants are 
evaluated by questionnaires. The important point here is that, the measurements and 
questionnaires should be applied simultaneously.
The study started on January 20, 1998 and ended on March 20, 1998. During this 
period, all of the measurements have been made throughout the day at some periods 
in order to be able to determine the changes occurring from morning till evening. 
Besides, the measurements have been taken at different weather and sky conditions. 
The reason of this is to obtain results indicating the performance of the building 
during the heating season.
All the measurements have been taken at equal time intervals. Three thermal 
environmental measurements have been recorded at 10:30 a.m., 1:30 p.m. and 4:30 
p.m. For the visual environmental measurements, on the other hand, six periods have 
been determined, which are 9:00 a.m., 10:30 a m., 12:00 noon, 1:30 p.m., 3:00 p.m., 
and 4:30 p.m. The reason of this difference is that, throughout a day, more rapid 
changes occur in the visual environment compared to the thermal environment. The 
acoustical environment measurements, on the other hand, have been recorded at
thirty minute intervals from morning till evening.
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In determining the measurement locations, the requirements in the relevant 
standards have been considered. For measuring the parameters of thermal comfort, 
seventeen locations have been determined for each studio. While determining these 
locations, the critical points in the studios such as those close to warm or cold 
surfaces have been considered, and a grid system has been formed. For the visual 
environmental measurements, seven more locations have been added to the grid 
used for the thermal environmental measurements, in order to be able to evaluate the 
great amount of changes in lighting levels throughout the studio. For the locations 
where the measurements have been taken, see Appendices C and D. The illuminance 
values on the wall surface have been taken at eye level, that is at approximately 
1.60m above floor level. The measurements for the acoustical environment have 
been taken at one location which is in the middle of the studio.
4.2.1. Physical Measurements
For the measurements of the thermal environment, the instrument named as 
Bruel&Kjaer Indoor Climate Analyzer Type 1213 and necessary accessories have 
been used. The instrument consists of five transducers, by the help of which, air 
temperature, surface temperature, plane radiant temperature, air velocity and relative 
humidity are measured. The parameters affecting visual comfort have been 
measured by two instruments. Illuminance levels in the design studio have been 
measured by the Minolta Illuminance Meter Tl, and luminance data were obtained 
by the Minolta Luminance Meter LS-100. The measurements of the acoustical 
environment have been made using the Bruel&Kjaer Precision Integrating Sound 
Level Meter Type 2230.
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After the measurements have been taken on various days and hours, the results are 
grouped according the hours of the day. After this step, the mean, minimum and 
maximum values are computed for every time interval for each measurement 
location.
4.2.2. Subjective Responses of the Occupants
During the measurements, a questionnaire has also been applied to the students who 
are using the considered studios. The questionnaire consists of four parts. The first 
part aims at obtaining information about the subjects. The second part involves 
questions about the visual environment, which aim at determining the responses of 
the occupants about the general lighting and the lighting of the tasks. The tasks 
considered are the drawings on the drawing tables and those hung on the walls. In 
the third part, questions about the acoustical environment exist. These questions are 
asked to determine the reactions of the students to the ambient sound levels within 
the studios. The final part is about the thermal environment, and in this part, 
questions related to the parameters of thermal comfort such as air temperature, 
air velocity and mean radiant temperature are asked. For each studio, fifty 
questionnaires have been applied which belong to different days and hours. A copy 
of the original questionnaire form and the questionnaire form in English, are given 
on pages 169 and 173 at Appendix E.
4.3. Evaluation of the Studios
In the following sections, the design studios will be evaluated in terms of
environmental comfort conditions. First, the obtained physical measurements will be
compared with the values given in relevant standards. By this way, it will be
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possible to determine from theoretical point of view, whether the studios provide the 
necessary environmental comfort conditions or not. As the next step, the 
questionnaires will be analyzed to determine the relationship between the results 
obtained by the analysis of the measurements and the reactions of the occupants.
4.3.1. Record on Subjects
4.3.1.1. Studio F207
Among the fifty questionnaire responses, 46% belonged to female students, and 
54% belonged to male students.
When the responses to the question asking about the amount of time the students 
spend in the studio on an average studio day are analyzed, it is observed that 6% of 
the students spent 0-2 hours, 54% spent 3-5 hours, 36% spent 6-8 hours, and the 
remaining 4% spent 8+ hours.
The analysis of the clothing of the students shows that the mean value of the thermal 
resistance of clothing was 0.99 do = 0.153 m^°C/w.
4.3.1.2. Studio F208
The analysis of the gender of the students who responded the questionnaire shows 
that 48% of the students were female, and 52% of them were male.
Among these students, 16% spent 0-2 hours, 50% spent 3-5 hours, 26% spent 6-8 




When the gender of the students who responded the questionnaire is analyzed, it is 
observed that 40% of the students were female, and 60% of them were male.
The analysis of the responses of the students to the question asking about the amount 
of time they spend in the studio on an average studio day shows that, 80% spent 3-5 
hours, 10% spent 6-8 hours, and the remaining 10% spent 8+ hours.
When the clothing worn by the students is analyzed, it is observed that the mean 
value of the thermal resistance of clothing was 1.04 do = 0.161 m^°C/w.
4.3.1.4. Studio F309
Among the fifty questionnaire responses, 48% belonged to female students, and 
52% belonged to male students.
When the responses to the question asking about the amount of time the students 
spend in the studio on an average studio day are analyzed, it is observed that 80% 
spent 3-5 hours, and 20% spent 6-8 hours.
The analysis of the clothing of the students shows that the mean value of the thermal 
resistance of clothing was 0.96 do = 0.149 m^°C/w.
When the clothing worn by the students is analyzed, it is observed that the mean




Results Related to the Physical Measurements
Fig. 4.2. Plan and measurement locations for the thermal environment (Studio F207)
When air temperature measurements are considered for this studio, it is observed 
that although there are changes in the values, the locations where the minimum and 
maximum values were recorded have not changed throughout all measurement 
periods. Location 12 which is near the large window area is where the minimum air 
temperature values were obtained, and location 7 which is near the radiator is where 
the maximum values were recorded. For air temperature data of this studio, see 
Table 4.1 on page 122 at Appendix B.
When the surface temperature measurements are examined, it is observed that, for 
the three periods of measurements, again the locations where the minimum and 
maximum mean values were obtained have not changed. Although the values 
changed throughout the day, the minimum values were observed at location 12 and 
the maximum values occurred at location 7. For surface temperature data, see Table 
4.2 on page 123 at Appendix B.
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Analysis of plane radiant temperature measurements shows that, at all measurement 
periods, the minimum values were observed at location 12 and the maximum values 
were recorded at location 7. The plane radiant temperature data for this studio are 
given in Table 4.3 on page 124 at Appendix B. For the plan and iso-plane radiant 
temperature curves of this studio, see Fig. 4.3 and Fig. 4.4 on pages 147-148 at 
Appendix C.
Table 4.4































































Results Related to the Subjective Responses of Occupants
The first question of this part of the questionnaire aims at determining the thermal 
sensation of the students. In this studio, the percentage of the students feeling 
thermal comfort (neutral) is 22, and the remaining 78% of the students mentioned 
that they felt thermal discomfort. 32% of these students evaluated the studio as cold 
and 32% of them stated that the environment was cool and 14% of the students 










Fig. 4.5. Thermal sensation (Studio F207)
The second question aims at determining whether an air movement, that is draught is 
present around the students. 60% of the students mentioned that they felt an air 
movement around their bodies, whereas the remaining 40% mentioned that they did 
not feel any air movement. Among these students who felt an air movement, 10% 
defined the strength of the air movement as just detectable and 50% defined it as 
slightly strong. Besides 54% of these students evaluated the air movement as 
unpleasant, and the remaining 6% evaluated it as neutral. None of the students 
defined the air movement as too strong, and none of them evaluated it as pleasant.
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Fig. 4.6. Sensation of air movement (Studio F207)
The aim of the third question is to examine whether the students feel discomfort 
because of radiant temperature asymmetry or not. While 82% felt such a discomfort 
on some parts of their body, 18% of the students mentioned that they did not feel
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such a discomfort. Among the students who felt discomfort due to radiant 
temperature asymmetry, 32% were sitting around locations 6, 7, 8 and 16 which are 
close to the radiators, 34% were sitting around locations 11, 12, and 15 which are 
close to the window surfaces, 10% were sitting around location 17 which is close to 













Fig. 4.7. Sensation of discomfort due to radiant temperature asymmetry 
(Studio F207)
Among the students who felt discomfort on some parts of their body, 68% of the 
students mentioned that they felt discomfort on their face, 14% of which evaluated 
their face as cold, 22% evaluated it as cool, 28% evaluated it as warm and the 
remaining 4% evaluated it as hot. 32% of the students, on the other hand, mentioned 
that they did not feel any discomfort on their face.
The percentage of the students who felt discomfort on their arm is 54. While 18% of 
these students felt their arm cold, 4% felt it cool, and 32% felt it warm. 46% of the 
students, on the other hand, mentioned that they did not feel any discomfort on this 
part of their body.
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When discomfort on the hand is examined, it is observed that, 68% of the students 
felt discomfort. 28% of these students evaluated their hand as cold, 28% as cool and 
12% as warm. Besides, 32% of students did not feel any discomfort on their hand.
60% of the students mentioned that they felt discomfort on their leg. Among these 
students, 16% defined this discomfort as cold, 22% as cool, 14% as warm, and 8% 
as hot. 40% stated that they did not feel any discomfort on this part of their body.
When the discomfort on the foot is considered, it is observed that 74% of the 
students felt uncomfortable. 28% of these students evaluated this discomfort as cold,
18% evaluated it as cool, 6% evaluated it as warm, and the remaining 22% evaluated 
it as hot. 26% of the students mentioned that they felt no discomfort on their foot.
42% of the students mentioned that they felt discomfort on their neck. 24% of them 
evaluated this discomfort as cold, 14% as cool and 4% as warm. The percentage of 
the students who did not feel discomfort on this part of their body is 58%.
The percentage of the students who felt discomfort on their back is 42. While 4% of 
these students evaluated this discomfort as cold, 22% evaluated it as cool, 6% 
evaluated it as warm, and 10% evaluated as hot. 58% of the students felt no 
discomfort on their back.
When discomfort on the waist is considered, it is observed that 46% of the students 
felt discomfort. Among these students, 4% evaluated this discomfort as cold, 28% 
evaluated it as cool, 10% evaluated it as warm, and 4% evaluated as hot. The
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percentage of people who did not feel discomfort on this part of their body is 54.
The percentage of the students who felt discomfort on their ankle is 42%. The 
evaluation of 6% of these students is cold, 22% of them is cool, 10% of them is 
warm, and 4% of them is hot. Besides, 58% of the students did not feel discomfort 
on their ankles.
4.3.2.2. Studio F208
Results Related to the Physical Measurements
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Fig. 4.8. Plan and measurement locations for the thermal environment (Studio F208)
When air temperature measurements are considered, it is observed that, during the 
three measurement periods throughout the day, the locations where the minimum 
and the maximum values were obtained have not changed. While the minimum air 
temperature values were obtained at location 12, the maximum values were recorded 
at location 7. For air temperature data, see Table 4.5 on page 125 at Appendix B.
Analysis of surface temperatures shows that, the locations where maximum and 
minimum values were recorded have not changed during the three measurement
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periods. Similar to the air temperature measurements, the minimum mean values 
were observed at location 12 and the maximum mean values occurred at location 7. 
For surface temperature data, see Table 4.6 on page 126 at Appendix B.
When plane radiant temperatures are analyzed, it is observed that at all measurement 
periods, the minimum values were observed at location 12 and the maximum values 
were recorded at location 7 and these locations are the ones where minimum and 
maximum values were observed during air temperature and surface temperature 
analyses. The plane-radiant temperature data are given in Table 4.7 on page 127 at 
Appendix B. For the plan and iso-plane radiant temperature curves of this studio, see 
Fig. 4.9 and Fig. 4.10 on pages 149-150 at Appendix C.
Table 4.8.









Lowest ¡Mean 17.6 12„2 13,2 4.4
10:30 a.m. Minimum 17.3 11.2 11,0
Highest Mean 18.3 25.0 26.1 7,5
Maximum 19.1 26.0 27,2
Lowest Mean 18,0 12.8 14,1 3,9
1:30 p.m. Minimum 17.7 11.8 11.8
Highest Mean 18,7 25,9 26,6 7,5
Maximum 19.4 26,8 27.8
Lowest Mean 18.6 13.6 14.5 3,8
4:30 p.m. Minimum 18.3 12,5 12,2
Highest Mean 19.1 26,8 26,9 7,4
Maximum 19.7 27,5 27,9
Results Related to the Subjective Responses of Occupants
When the first question related with the thermal environment is analyzed, it is
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observed that 32% of the students evaluated the studio as thermally comfortable 
(neutral) and the remaining 68% of them felt thermal discomfort in this studio. 38% 
of the students who were thermally uncomfortable evaluated the studio as cold, 22% 








Fig. 4.11. Thermal sensation (Studio F208)
The analysis of the second question of this part shows that 56% of the students felt 
an air movement around their body whereas the remaining 44% of them did not feel 
any air movement. 14% of the students who felt an air movement defined the 
strength of the air movement as just detectable and 42% defined it as slightly strong. 
Besides, 46% of these students evaluated the air movement as unpleasant, and the 
remaining 10% evaluated it as neutral. The air movement was not defined by any of 













































When the question about the discomfort due to radiant temperature is analyzed, it is 
observed that, while 82% felt such a discomfort on some parts of their body, 18% of 
the students mentioned that they did not feel such a discomfort. The analysis of the 
locations of the students who felt discomfort on some parts of their body shows that 
24% of these students were sitting around locations 7 and 16 which are close to the 
radiators, 38% of them were sitting around locations 6, 8, 12 and 15 which are close 
to window surfaces, 12% of them were sitting around locations 1,11 and 17 which 
are close to the outer walls of the studio, and the remaining 8% of them were sitting 
around locations 9 and 13.
Fig. 4.13. Sensation of discomfort due to radiant temperature asymmetry 
(Studio F208)
Among the students who felt discomfort because of radiant temperature asymmetry, 
56% of the students mentioned that they felt discomfort on their face. 16% of these 
students evaluated their face as cold, 26% evaluated it as cool, and 14% evaluated it 
as warm. 44% of the students, on the other hand, mentioned that they did not feel 
any discomfort on their face.
62% of the students mentioned that they felt discomfort on their arm, 16% of which
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The percentage of the students who felt discomfort on their hand is 72. While 38% 
of these students evaluated their hand as cold, 20% evaluated it as cool, 12% 
evaluated it as warm, and 2% evaluated it as hot. Besides, 28% of students did not 
feel any discomfort on this part of their body.
When discomfort on the leg is examined, it is observed that 72% of the students felt 
discomfort on their leg, 26% of which defined this discomfort as cold, 40% defined 
it as cool and 6% defined it as warm. 28% stated that they did not feel any 
discomfort on this part of their body.
72 % of the students mentioned that they felt discomfort on their foot. While 38% of 
these students evaluated this discomfort as cold, 16% evaluated it as cool, 16% 
evaluated it as warm, and 2% evaluated it as hot. 28% of the students mentioned that 
they felt no discomfort on their foot.
The percentage of the students who felt discomfort on their neck is 64. While 4% of 
these students evaluated this discomfort as cold, 32% evaluated it as cool, 26% 
evaluated it as warm, and 2% evaluated it as hot. The percentage of the students who 
did not feel discomfort on this part of the body is 36%.
evaluated their arm as cold, 30% evaluated it as cool, and 16% evaluated it as warm.
38% of the students mentioned that they did not feel any discomfort on their arm.
When discomfort on the back is considered, it is observed that 64% of the students 
felt discomfort. 12% of these students evaluated this discomfort as cold, 34%
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68% of the students mentioned that they felt discomfort on their waist. While 14% 
of these students evaluated this discomfort as cold, 28% evaluated it as cool, 22% 
evaluated it as warm, and 4% evaluated it as hot. The percentage of the students who 
did not feel discomfort on this part of their body is 32%.
The percentage of the students who felt discomfort on their ankle is 56. The 
evaluation of 8% of these students is cold, 22% of them is cool, 20% of them is 
warm, and 6% of them is hot. Besides, 44% of the students did not feel discomfort 
on their ankles.
4.3.2.3. Studio F308
Results Related to the Physical Measurements
evaluated it as cool, 14% evaluated it as warm, and the remaining 4% evaluated it as
hot. 36% of the students felt no discomfort on their back.
Fig. 4.14. Plan and measurement locations for thermal environment (Studio F308)
When the air temperature measurements are considered, it is observed that the 
locations where the minimum and maximum values were observed have not
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changed. The minimum air temperature values were recorded at location 12, the 
maximum values were observed at location 7. For air temperature data of this studio 
see Table 4.9 on page 128 at Appendix B.
When the surface temperature measurements are analyzed, it is observed that, for the 
three periods of measurements, again the locations where the maximum and 
minimum mean values were obtained have not changed. While the minimum values 
were observed at location 12, the maximum values were recorded at location 7. For 
surface temperature data, see Table 4.10 on page 129 at Appendix B.
Analysis of the plane radiant temperatures shows that, during all measurement 
periods, the minimum values were observed at location 12 and the maximum values 
were recorded at location 7. The plane radiant temperature data of this studio are 
given in Table 4.11 on page 130 at Appendix B. For the plan and iso-plane radiant 
curves of this studio, see Fig. 4.15 and Fig. 4.16 on pages 151-152 at Appendix C.
Table 4.12.
Thermal environment ana ysis iStudio F308)
Air Surface Plane Radiant Radiant Temp.
Temp. ("O Temp.("C) Temp. ("C) Asymm. ("C)
Lowest Mean 16,5 11,2 1 1,5 4,7
10:30 a.ni. Minimum 14,2 10,1 10,2
Highest Mean 17,3 21,1 23,7 6,4
Maximum 19,6 25,2 27,9
Lowest Mean 16,9 12,5 13.0 3,9
1:30 p.m. Minimum 14,5 11,5 11,6
Highest Mean 17,7 22,7 24,8 6,9
Maximum 20,3 27,2 29,4
Lowest Mean 17,3 13,5 14.0 3,1
4:30 p.m. Minimum 14,9 12,6 12,5
Highest Mean 18,1 23,9 25,7 7,5
Maximum 20,4 27,7 29,1
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Results Related to the Subjective Responses of Occupants
The analysis of the first question of the part related with the thermal environment 
shows that, while 10% of the students mentioned that they felt thermal comfort 
(neutral), the remaining 90% mentioned that they felt thermal discomfort. Among 
the students who felt thermal discomfort, the evaluation of the studio by 40% of the 
students was cold and the remaining 50% of them was cool. None of the students 










Fig. 4 17. Thermal sensation (Studio F308)
When the answers of the second question of the part of the questionnaire related 
with the thermal environment are analyzed, it is observed that 50% of the students 
felt an air movement, whereas the remaining 50% mentioned that they did not feel 
any air movement. Among the students who felt an air movement, 20% defined the 
strength of the air movement as just detectable and 30% defined the strength as 
slightly strong. Besides 20% of these students evaluated the air movement as 
unpleasant, and the remaining 30% evaluated it as neutral. None of the students 
defined the air movement as too strong, and none of them made an evaluation as 
pleasant.
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The analysis of the question about the discomfort due to radiant temperature shows 
that 80% of the students felt such a discomfort on some parts of their body while 
20% of them did not feel such a discomfort. When the locations of the students who 
felt discomfort on some parts of their body are analyzed, it is observed that 28% 
were sitting around locations 6, 7, 8 and 16 which are close to the radiators, 32% 
were sitting around locations 11,12 and 15 which are close to the window surfaces, 
8% were sitting around location 17 which is close to the outer wall of the studio, and 












Fig. 4.19. Sensation of discomfort due to radiant temperature asymmetry 
(Studio F308)
46% of the students who felt discomfort on some part of their body mentioned that 
they felt discomfort on their face. While 20% of these students evaluated their face
72
When discomfort on the arm is examined, it is observed that the percentage of the 
students who felt discomfort on their arm is 46. While 12% of these students felt 
their arm cold, 20% felt it cool and 14% felt it warm. 54% of the students mentioned 
that they did not feel any discomfort on this part of their body.
74% of the students mentioned that they felt discomfort on their hand. While 40% of 
these students evaluated their hand as cold, 28% evaluated it as cool and 6% 
evaluated it as warm. 26% of the students did not feel any discomfort on their hand.
The percentage of the students who felt discomfort on their leg is 66. While 14% of 
these students evaluated this discomfort as cold, 46% evaluated it as cool and 6% 
evaluated it as warm. 34% of the students mentioned that they did not feel any 
discomfort on this part of their body.
52% of the students mentioned that they felt discomfort on their foot. The evaluation 
of this discomfort by 26% of these students is cold and the remaining 26% of them 
is cool. On the other hand, 48% of the students mentioned that they felt no 
discomfort on their foot.
as cold, 6% evaluated it as cool, 14% evaluated it as warm and 6% evaluated it as
hot. 54% of the students, on the other hand, did not feel any discomfort on their face.
When discomfort on the neck is considered, it is observed that 46% of the students 
felt discomfort. While 16% of these students evaluated this discomfort as cold, 6% 
evaluated it as cool and 24% evaluated it as warm. The percentage of the students
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The percentage of the students who felt discomfort on their back is 56. While 20% 
of these students evaluated this discomfort as cold, 20% evaluated it as cool and 
16% evaluated it as warm. 44% of the students felt no discomfort on their back.
Analysis of the discomfort on the waist shows that 40% of the students felt such a 
discomfort. While 10% of these students evaluated this discomfort on their waist as 
cold, 20% evaluated it as cool and 10% evaluated it as warm. The percentage of the 
students who did not feel discomfort on this part of their body is 60.
46% of the students felt discomfort on their ankle. The percentage of the students 
who felt discomfort on their ankle is 46%. The evaluation of 6% of these students is 
cold, and 40% of them is cool. Besides, 54% of the students mentioned that they did 
not feel discomfort on their ankle.
4.3.2.4. Studio F309
Results Related to the Physical Measurements
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who did not feel discomfort on this part of their body is 54%.
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Fig. 4.20. Plan and measurement locations for thermal environment (Studio F309)
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Table 4.16.









Lowest Mean 17,6 12.2 14,4 2.9
10:30 a.m. Minimum 16.0 11,3 13,4
Highest Mean 18,4 25,4 25.8 7.4
Maximum 20,4 27.5 28.9
Lowest Mean 17,9 12.8 14,8 2.8
1:30 p.m. Minimum 16,2 12.0 14.0
Highest Mean 18.9 25,5 26,8 8.0
Maximum 20.7 27,1 29,6
Lowest Mean 18.2 13.5 14.7 3.4
4:30 p.m. Minimum 16,4 13,1 14,3
Highest Mean 19,3 25,8 28.0 8,8
Maximum 21,1 27,6 29.2
Throughout the day, during all measurement periods, the minimum and maximum 
values were observed at the same locations. Location 12 is where the minimum air 
temperature values were obtained, and location 6 is where the maximum values 
were recorded For air temperature data, see Table.4.13 on page 13 lat Appendix B.
Analysis of the surface temperature measurements shows that the minimum and 
maximum mean values were obtained at the same locations during the three 
measurements periods. While the minimum mean values were observed at location 
12, the maximum mean values were observed at location 6, similar to the air 
temperature measurements. For surface temperature data of this studio see Table 
4.14 on page 132 at Appendix B.
When the plane radiant temperature measurements, are analyzed, it is observed that, 
the minimum values were observed at location 12 and the maximum values were
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recorded at location 6 at all measurement periods. The plane radiant temperature 
data of this studio are given in Table 4.15 on page 133 at Appendix B. For the plan 
and iso-plane radiant temperature curves of this studio, see Fig. 4.21 and Fig. 4.22 
on pages 153-154 at Appendix C.
Results Related to the Subjective Responses of Occupants
When the first question related with the thermal environment is analyzed, it is 
observed that, 24 % of the students in this studio felt thermal comfort (neutral). The 
remaining 76%, on the other hand, felt thermal discomfort. Among the students, 
who felt discomfort 40% evaluated the studio as cold and 36% of them mentioned 










Fig. 4.23. Thermal sensation (Studio F309)
Analysis of the second question searching about the presence of draught, shows that 
52% of the students felt an air movement, and the remaining 48% did not feel any 
air movement. Among the students who felt an air movement, 16% defined the 
strength of the air movement as just detectable and 36% defined it as slightly strong. 
Besides 40% of these students evaluated the air movement as unpleasant, and the
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remaining 12% evaluated it as neutral. None of the students defined the air 
movement as too strong, and none of them evaluated it as pleasant.
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Fig. 4.24. Sensation of air movement (Studio F309)
When the question about the discomfort due to radiant temperature is analyzed, it is 
observed that 78% felt such a discomfort on some parts of their body while 22% 
mentioned that they did not feel such a discomfort. Among the students who felt 
such a discomfort, 20% were sitting around locations 6, 8 and 16 which are close to 
the radiators, 20% were sitting around locations 12 and 15 which are close to the 
window surfaces, 18% were sitting around locations 7, 11 and 17 which are close to 
the outer walls, and the remaining 10% were sitting around locations 9, and 13.
Fig. 4.25. Sensation of discomfort due to radiant temperature asymmetry 
(Studio F309)
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Among the students who felt discomfort due to radiant temperature asymmetry 52% 
of the students mentioned that they felt discomfort on their face. 34% of these 
students evaluated their face as cool, and 18% evaluated it as warm. 48% of the 
students, on the other hand, mentioned that they did not feel such a discomfort.
54 % of the students mentioned that they felt discomfort on their arm. 6% of these 
students felt their arm cold, 12% felt it cool and 36% felt it warm. 46% of the 
students mentioned that they did not feel any discomfort on their arm.
The percentage of the students who felt discomfort on their hand is 62. Among these 
students 26% evaluated their hand as cold, 12% evaluated it as cool and 24% 
evaluated it as warm. 38% of students did not feel any discomfort on their hand.
When discomfort on the leg is considered, it is observed that 60 % of the students 
felt discomfort. 22% of these students defined this discomfort as cold, 24% defined 
it as cool and 14% defined it as warm. 40% stated that they did not feel any 
discomfort on this part of their body.
The percentage of the students, who felt discomfort on their foot is 66. While 48% 
of these students evaluated this discomfort as cold, 12% evaluated it as cool, and 6% 
evaluated it as warm. 34% of the students felt no discomfort on their foot.
42% of the students mentioned that they felt discomfort on their neck. 4% of them 
evaluated this discomfort as cold, 14% evaluated it as cool and 24% evaluated it as 
warm. The percentage of the students who did not feel such a discomfort is 58.
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The percentage of the students who felt discomfort on their back is 48. While 4% of 
these students evaluated this discomfort as cold, 30% evaluated as cool and the 
remaining 14% evaluated it as warm. 52% of the students felt no discomfort on their 
back.
The percentage of the students who felt discomfort on their waist is 42. While 8% of 
these students evaluated this discomfort as cold, 22% evaluated it as cool and 12% 
evaluated it as warm. The percentage of people who did not feel discomfort on this 
part of their body is 58%.
The percentage of the students who felt discomfort on their ankle is 46%. The 
evaluation of 18% of the students is cold, 16% of them is cool, and 12% of them is 




Results Related to the Physical Measurements
Fig. 4.26. Plan and measurement locations for the visual environment (Studio F207)
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Table 4.19.
Visual environment analysis (Studio F207)
Illuminance Illuminance
on tables (lux) on the wall (lux)
Lowest Mean 474 362
9:00 a.tn. Minimum 364 275
Hishest Mean 1270 729
Maximum 1660 935
Lowest Mean 494 366
10:30 a.m. Minimum 432 284
Hishest Mean 1375 949
Maximum 2390 1390
Lowest Mean 507 375
12:00 noon Minimum 424 285
Hiehest Mean 1679 1117
Maximum 3680 1860
Lowest Mean 528 392
1:30 p.m. Minimum 466 320
Highest Mean 1900 1275
Maximum 2480 2030
Lowest Mean 552 428
3:00 p.m. Minimum 414 342
Hishest Mean 2567 1882
Maximum 5040 2510
Lowest Mean 560 443
4:30 p.m. Minimum 451 339
Highest Mean 1719 861
Maximum 4560 2010
During all measurement periods, the lowest mean values of illuminance were 
observed at location 3, but the locations where the highest mean values of 
illuminance occurred were not the same. During the first measurement period at 
9:00 a m., the highest mean value of illuminance was observed at location 23. 
During the second measurement period at 10:30 a.m., the highest mean value 
occurred at location 22. For the third measurement period at 12:00 noon, and the 
fourth measurement period at 1:30 p.m., the highest mean values were observed at 
location 23. During the last two measurement periods at 3:00 p.m. and 4:30 p.m., the 
highest mean values for illuminance were observed at location 22. The table-top 
illuminance data of this studio are given in Table 4.17 on page 134 at Appendix B.
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When the illuminance values on the wall where the drawings are hung are examined 
it is observed that, the minimum values were observed at location 3, and the 
maximum values were observed at location 22 during all measurement periods. For 
wall illuminance and luminance data of this studio, see Table 4.18 on page 135 at 
Appendix B.
Results Related to the Subjective Responses of Occupants
The first question in the part related with the visual environment aims at evaluating 
the general illuminance level within the studio. 4% of the students evaluated the 
general lighting as excellent, 28% evaluated it as pretty good, 46% evaluated it as 
neutral, and the remaining 22% evaluated it as not very good. None of the students 
evaluated it as poor.
For the plan and iso-illuminance curves of this studio, see Fig. 4.27 and Fig. 4.28 on
pages 156-157 at Appendix D.
%50
Fig. 4.29. Evaluation of the general illuminance level (Studio F207)
The second question is about the evaluation of the illuminance on the drawing 
tables. While 32% of the students evaluated the illuminance on the tabletop as pretty
81
good, 42% of them evaluated it as neutral, and 26% of them evaluated it as not very 
good. None of the students answered the question as excellent or poor.
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Fig. 4.30. Evaluation of the illuminance level on drawing tables (Studio F207)
The third question aims at determining whether reflections occur on the drawing 
tables. 82% of the students mentioned that there were reflections bothering them. 
While 10% of these students said that these reflections bothered them extremely, 
40% said considerably, and 32% said a little. The remaining 18% of the students 
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Fig. 4.31. Occurrence of reflections on the drawing tables (Studio F207)
The aim of the fourth question is to determine the opinions of the students about the 
illuminance levels on the drawings hung on the walls. While 14% of the students 
evaluated the illuminance on the walls as pretty good, 50% evaluated it as neutral
82
and the remaining 36% evaluated it as not very good. None of the evaluations was
either excellent or poor.
I 11 1 h  i-o ^
Fig. 4.32. Evaluation of the illuminance level on the drawings on walls 
(Studio F207)
The fifth question searches about the reflections occurring on the drawings hung on 
the walls and the reactions of the students to these reflections if there are any. 64% 
of the students mentioned that there were reflections bothering them. While 36% of 
these students were bothered by these reflections considerably, 28% of them were 
bothered a little. None of the students answered as extremely. Besides, 36% of the 
students said that there were no reflections on the drawings on the walls.
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Fig. 4.33. Occurrence of reflections on the drawings on walls (Studio F207)
The last question about the visual environment is about the occurrence of shadows
83
on the drawing tables caused by the students or some other objects. 82% of the





Fig. 4.34. Occurrence of shadows on the drawing tables (Studio F207)
4.3.3.2. Studio F208
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Fig. 4.35. Plan and measurement locations for the visual environment (Studio F208)
The lowest mean values of illuminance were observed at location 3 during all 
measurement periods. The highest mean values of illuminance occurred at location 
18 for the first two measurement periods. During the last four measurement periods, 
the highest mean values of illuminance were observed at location 23. The table-top
84
illuminance data of this studio are given in Table 4.20 on page 136 at Appendix B 
For the plan and iso-illuminance curves of this studio, see Fig. 4.36 and Fig. 4.37 on 
pages 159-160 at Appendix D.
When the illuminance values on the wall where the drawings are hung are examined 
it is observed that, during all measurements, the minimum values were recorded at 
location 3, and the maximum values were observed at location 22. For the wall 
illuminance and luminance data, see Table 4.21 on page 137 at Appendix B.
Table 4.22.
Visual environment analysis (Studio F208)
Illuminance Illuminance
on tables (lux) on the wall (lux)
Lowest Mean 668 574
9:00 a.m. Minimum 555 426
Highest Mean 2092 971
Maximum 3300 1590
Lowest Mean 733 667
10:30 a.m. Minimum 524 405
Highest Mean 1906 1152
Maximum 4020 2060
Lowest Mean 705 624
12:00 noon Minimum 602 388
Highest Mean 1786 1197
Maximum 2980 1670
Lowest Mean 698 601
1:30 p.m. Minimum 507 408
Highest Mean 2226 1797
Maximum 2560 2700
Lowest Mean 691 626
3:00 p.m. Minimum 482 421
Highest Mean 2431 2246
Maximum 4020 2920
Lowest Mean 646 492
4:30 p.m. Minimum 543 407
Highest Mean 1810 1206
Maximum 2520 2340
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Results Related to the Subjective Responses of Occupants
When the question about the general illuminance level is analyzed, it is observed 
that 6% of the students evaluated the general lighting as excellent, 18% of them 
evaluated it as pretty good, 50% of them evaluated it as neutral, and the remaining 
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Fig 4.38. Evaluation of the general illuminance level (Studio F208)
The analysis of the question about the illuminance level on the drawing tables shows 
that, while 20% of the students evaluated that illuminance level as pretty good, 42% 
of them evaluated it as neutral, and 38% of them evaluated it as not very good. None 
of the students answered the question as either excellent or poor.
Fig. 4.39. Evaluation of the illuminance level on drawing tables (Studio F208)
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When the answers to the question searching for reflections on the drawing tables is 
analyzed, it is observed that all of the students mentioned that there were reflections 
on their drawing tables. While 14% of these students said that these reflections 
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Fig. 4.40. Occurrence of reflections on the drawing tables (Studio F208)
When the subjective responses of the students about the illuminance levels on the 
drawings hung on the walls are analyzed, it is observed that the evaluation of 8% 
of the students was pretty good, 62% of them was neutral and the remaining 30% 
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Fig. 4.41. Evaluation of the illuminance level on the drawings on walls 
(Studio F208)
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The analysis of the question about the reflections on the drawings hung on the walls 
shows that 74% of the students mentioned that there were reflections bothering 
them. While 36% of these students were bothered by these reflections considerably, 
38% of them were bothered a little. Besides, 26% of the students said that there were 
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Fig. 4.42. Occurrence of reflections on the drawings on walls (Studio F208)
When the students were asked whether there were shadows on their drawing tables 
92% of the students mentioned that there were shadows, and the remaining 8% said 













Fig. 4.43. Occurrence of shadows on the drawing tables (Studio F208)
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Results Related to the Physical Measurements
4.3.3.3. Studio F308
Fig. 4.44. Plan and measurement locations for the visual environment (Studio F308)
During the first four measurement periods, the lowest mean values of illuminance 
were observed at location 3, and the highest mean values of illuminance occurred at 
location 18. The locations where minimum and maximum values were observed 
changed for the last two measurement periods, and the reason of this change is the 
motion of the sun throughout the day. During the last two measurement periods the 
lowest mean values for illuminance were observed at location 1. The highest mean 
value was observed at location 23 during the fifth measurement period, and at 
location 22 during the last measurement period. The table-top illuminance data 
of this studio are given in Table 4.23 on page 138 at Appendix B. For the plan and 
iso-illuminance curves, see Fig. 4.45 and Fig. 4.46 on pages 162-163 at Appendix D.
When the illuminance values on the wall where the drawings are hung are examined 
it is observed that, although the minimum values were observed at location 3 during 
all measurements, the locations where maximum values were recorded showed 
differences. During the first measurement period, the highest mean value of
89
illuminance was observed at location 22. During the second measurement period, 
location 16 is where the highest value was observed. During the third measurement 
period, the highest mean value of illuminance occurred at location 15. For the last 
three measurement periods, the highest mean values were observed at location 22. 
For the wall illuminance and luminance data of this studio, see Table 4.24 on page
139 at Appendix B.
Table 4.25.
Visual environment analysis (Studio F308)
Illuminance Illuminance
on tables (lux) on tbe wall (lux)
Lowest Mean 539 363
9:00 a.m. IVIinimum 467 311
Hiebest Mean 1617 643
Maximum 2900 869
Lowest Mean 596 408
10:30 a.m. Minimum 481 309
Hiebest Mean 2025 793
Maximum 2740 1140
Lowest Mean 624 454
12:00 noon Minimum 466 312
Hiebest Mean 2116 1087
Maximum 2880 1390
Lowest Mean 667 464
1:30 p.m. Minimum 465 305
Hiebest Mean 1893 819
Maximum 2600 1070
Lowest Mean 669 513
3:00 p.m. Minimum 524 309
Hiebest Mean 1694 887
Maximum 2970 1310
Lowest Mean 707 504
4:30 p.m. Minimum 501 286
Hiebest Mean 1796 969
Maximum 2800 1400
Results Related to the Subjective Responses of Occupants
When the subjective responses of the students about the general illuminance level
90
are analyzed, it is observed that 16% of the students evaluated the general lighting as 
pretty good, 74% of them evaluated it as neutral, and the remaining 10% of them 
evaluated it as not very good. None of the students made an evaluation as either 
excellent or poor.
Fig. 4.47. Evaluation of the general illuminance level (Studio F308)
When the students were asked about their evaluation of the illuminance on their 
drawing tables, while 26% of them evaluated it as pretty good, 60% of them 
evaluated it as neutral, and 14% of them evaluated it as not very good. Similar 
to the answers of question 1, none of the students made an evaluation as either 
excellent or poor.
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Fig. 4.48. Evaluation of the illuminance level on drawing tables (Studio F308)
The analysis of the question about the occurrence of reflections on the drawing
91
tables shows that, 96% of the students mentioned that there were reflections 
bothering them. 6% of these students said that these reflections bothered them 
extremely, 30% of them said considerably, and 60% of them said a little. The 
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Fig. 4.49. Occurrence of reflections on the drawing tables (Studio F308)
When the evaluations of the students about the illuminance levels on the drawings 
hung on the walls are analyzed, it is observed that, 20% of the students evaluated it 
as pretty good, 70% evaluated it as neutral and the remaining 10% evaluated it as 
not very good. None of the evaluations was either excellent or poor.
Fig. 4.50. Evaluation of the illuminance level on the drawings on walls 
(Studio F308)
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The analysis of the question about the occurrence of reflections on the drawings 
hung on the walls shows that, 70% of the students mentioned that there were 
reflections bothering them. While 10% of these students were bothered by these 
reflections considerably, 60% of them were bothered a little. None of them answered 
this question as extremely. Besides, 30% of the students said that there were no 
reflections on the drawings on the walls.
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Fig. 4.51. Occurrence of reflections on the drawings on walls (Studio F308)
The answers to the question searching for whether shadows occur on the drawing 
tables or not shows that, 80% of the students mentioned that there were shadows, 
and the remaining 20% said that there were no shadows.
shadow no shadow
Fig. 4.52. Occurrence of shadows on the drawing tables (Studio F308)
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4.3.3.4. Studio F309
Results Related to the Physical Measurements
Fig. 4.53. Plan and measurement locations for the visual environment (Studio F309)
During all measurement periods, the lowest mean values of illuminance were 
observed at location 1, On the other hand, the locations where the highest mean 
values were obtained showed variations. The highest mean values of illuminance 
were observed at location 18 during the first three measurement periods, at location 
22 during the fourth and fifth measurement periods, and at location 23 during the 
last measurement period. The table-top illuminance data of this studio are given in 
Table 4.26 on page 140 at Appendix B. For the plan and iso-illuminance curves, see 
Fig. 4.54 and Fig 4.55 on pages 165-166 at Appendix D.
The analysis of the illuminance values on the wall where the drawings are hung 
shows that during all measurement periods, the locations where minimum and 
maximum values were obtained have not changed. While the minimum values were 
observed at location 3, the maximum values occurred at location 22. For the wall 








on the wall (lux)
9:00 a.m.
Lowest Mean 610 486
Minimum 534 392
Highest Mean 1804 777
Maximum 3110 1320
10:30 a.m.
Lowest Mean 606 452
Minimum 552 379
Highest Mean 1262 710
Maximum 1350 895
12:00 noon
Lowest Mean 596 472
Minimum 545 393
Highest Mean 1363 897
Maximum 1520 1320
1:30 p.m.
Lowest Mean 599 463
Minimum 478 381
Highest Mean 1662 1251
Maximum 2850 2010
3:00 p.m.
Lowest Mean 631 500
Minimum 485 400
Highest Mean 2040 1678
Maximum 2900 2200
4:30 p.m.
Lowest Mean 576 415
Minimum 500 365
Highest Mean 1142 623
Maximum 1880 1030
Results Related to the Subjective Responses of Occupants
The analysis of the question about the general illuminance level within the studio 
shows that, 40% of the students evaluated the general lighting as pretty good, 52% 
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Fig. 4.56. Evaluation of the general illuminance level (Studio F309)
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When the subjective responses of the students about the illuminance level on their 
drawing tables are analyzed, it is observed that while 40% of the students evaluated 
it as pretty good, 46% of them evaluated it as neutral, and 14% of them evaluated it 
as not very good. None of the students answered the question as either excellent or 
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Fig. 4 57. Evaluation of the illuminance level on drawing tables (Studio F309)
When the students were asked whether reflections occurred on their drawing tables, 
86% of them mentioned that there were reflections bothering them. While 10% of 
these students mentioned that these reflections bothered them extremely, 36% of 
them said considerably, and 40% of them said a little. The remaining 14% of the 
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Fig. 4.58. Occurrence of reflections on the drawing tables (Studio F309)
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The analysis of the question searching about the opinions of the students about the 
illuminance levels on the drawings hung on the walls shows that, the evaluation of 
4% of the students was excellent, 16% of them was pretty good, 56% of them was 












Fig. 4 59. Evaluation of the illuminance level on the drawings on walls 
(Studio F309)
When the students were asked whether reflections occurred on the drawings hung on 
the walls, 70% of them mentioned that there were reflections bothering them. While 
36% of these students were bothered by these reflections considerably, 34% of them 
were bothered a little. None of them answered this question as extremely. Besides, 
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Fig. 4.60. Occurrence of reflections on the drawings on walls (Studio F309)
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The analysis of the question searching about the occurrence of shadows on the 
drawing tables shows that, 76% of the students mentioned that there were shadows, 
and the remaining 24% said that there were no shadows.
shadow no shadow
Fig. 4.61. Occurrence of shadows on the drawing tables (Studio F309)
4.3.4. Acoustical Environment
4.3.4.1. Studio F207
Results Related to the Physical Measurements
For evaluating the acoustical environment, the sound pressure levels were measured, 
and Leq which is the sound pressure level averaged over the measurement period is 
determined for each measurement period.
During the studio hours, the lowest mean Leq value for this studio was observed as 
53.7 dBA at 5:00-5:30 p.m. period, where the SEL was 81.2 dBA. The highest mean 
Leq value, on the other hand, was observed as 68.8 dBA at 11:00-11:30 a.m. period, 
and the SEL for this period was 96.9 dBA. The background noise level for this 
studio measured at 7:00 p.m. was 30.6 dBA. For the sound pressure level data, see 
Table 4.29 on page 142 at Appendix B.
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Sound Pressure Level (Leq)
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Fig.4.62. Sound pressure level analysis (Studio F207)
Results Related to the Subjective Responses of Occupants
The first question in this section aims at determining whether the students are 
bothered because of noise coming from outside. 26% of the students mentioned that 
they were bothered by this noise. 8% of these students said that they were bothered 
considerably, and the remaining 18% of them said a little. 74% of the students, on 
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Fig. 4.63. Evaluation of outside noise (Studio F207)
The second question aims at determining whether the instructors had to speak louder 
because of the noise coming from outside. While 32% of the students said
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The aim of the third question is to determine whether the students were bothered by 
the noise within the studio during the studio hours. 82% of the students were 
bothered by this noise. While 14% of these students said that they were extremely 
bothered, 68% mentioned that they were bothered considerably. The percentage of 
the students who said that they were not bothered by such a noise was 18.



























Fig. 4.64. Evaluation of inside noise (Studio F207)
The question which searched about whether the instructors had to speak louder 
because of the noise within the studio, was the last question of this section. While 
86% of the students said that the instructors had to speak louder, the remaining 14% 
said that they did not.
4.3.4.2. Studio F208
Results Related to the Physical Measurements
When the measured sound pressure levels are analyzed, it is observed that, the 
lowest mean Leq value was observed as 53.8 dBA at 5:00-5:30 p.m. period, where 
the SEL was 82.1 dBA. The highest mean Leq value at this studio was observed as 
65.3 dBA at 1:30-2:00 p.m. period, and the SEL for this period was 86.4
100
dBA. The background noise level for this studio measured at 7:00 p.m was 32 dBA. 
For the sound pressure level data, see Table 4.30 on page 143 at Appendix B.
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Fig. 4.65. Sound pressure level analysis (Studio F208)
Results Related to the Subjective Responses of Occupants
When the students were asked whether they were bothered by the noise coming 
from outside, 10% of them mentioned that they were bothered by this noise. 4% of 
these students said that they were bothered considerably, and 6% of the students said 
that they were bothered a little. 90% of the students, on the other hand, mentioned 
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Fig. 4.66. Évaluation of outside noise (Studio F208)
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The analysis of the question searching about whether the students were bothered by 
the noise within the studio shows that, 76% of the students were bothered by this 
noise. While 8% of these students said that they were extremely bothered, 68% 
mentioned that they were bothered considerably. The percentage of the students who 
said that they were not bothered was 24.
When the noise coming from outside is considered, 18% of the students said that the
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Fig. 4.67. Evaluation of inside noise (Studio F208)
When the noise within the studio is considered, it is observed that, 82% of the 
students said that the instructors had to speak louder, while the remaining 18% said 
that they did not.
4.3.4.3. Studio F308
Results Related to the Physical Measurements
The analysis of the measurements of sound pressure levels during the studio hours 
shows that the lowest mean Leq value was observed as 46.1 dBA at 5:00-5:30 p.m. 
period, where the SEE was 76.9 dBA. The highest mean Leq value, on the other
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hand, was observed as 70.5 dBA at 1:30-2:00 p.m. period, and the SEL for this 
period was 98.9 dBA. The background noise level for this studio measured at 7:00 
p.m was 29.7 dBA. For the sound pressure level data, see Table 4.31 on page 144 at 
Appendix B.
Sound Pressure Level (Leq)
Time
Fig. 4.68. Sound pressure level analysis (Studio F308)
Results Related to the Subjective Responses of Occupants
When the subjective responses of the students about the noise coming from outside 
are analyzed, it is observed that 20% of the students mentioned that they were 
bothered by this noise. 10% of these students said that they were bothered 
considerably, and 10% of them said that they were bothered a little. 80% of the 
students, on the other hand, mentioned that they were not bothered by the noise 
coming from outside.
When the noise coming from outside is considered, 24% of the students said that the 
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Fig, 4.69. Evaluation of outside noise (Studio F308)
When the students were asked whether they were bothered by the noise within the 
studio, 94% of them mentioned that they were bothered by this noise. While 10% of 
these students said that they were extremely bothered, 84% mentioned that they 
were bothered considerably. The percentage of the students who said that they were 
not bothered was 6.
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Fig. 4.70. Evaluation of inside noise (Studio F308)
When the noise within the studio is considered, 90% of the students said that the 
instructors had to speak louder, the remaining 10% said that they did not.
4.3.4.4. Studio F309
Results Related to the Physical Measurements
When the measurements of sound pressure levels during the studio hours were
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analyzed, it is observed that the lowest mean Leq value was observed as 51.2 dBA at 
5:00-5:30 p.m. period, where the SEL was 76.2 dBA. The highest mean Leq value at 
this studio was observed as 68.2 dBA at 1:30-2:00 p.m. period, and the SEL for this 
period was 93.9 dBA. The background noise level for this studio measured at 7:00 
p.m was 31.3 dBA. For the sound pressure level data, see Table 4.32 on page 145 at 
Appendix B.
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Fig. 4.71. Sound pressure level analysis (Studio F309)
Results Related to the Subjective Responses of Occupants
The analysis of the question searching about whether the students were bothered by 
the noise coming from outside shows that 10% of the students were bothered by this 
noise. While 4% of these students said that they were bothered considerably, 6% of 
the students said that they were bothered a little. 90% of the students, on the other 
hand, mentioned that they were not bothered by the noise coming from outside.
When the noise coming from outside is considered, 6% of the students said that the 
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72. Evaluation of outside noise (Studio F309)
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When the subjective responses of the students about the noise within the studio are 
analyzed, it is observed that 64% of the students were bothered by this noise. While 
10% of these students said that they were extremely bothered, 50% mentioned that 
they were bothered considerably, and 4% said a little. The percentage of the students 
who said that they were not bothered was 36.
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Fig. 4.73. Evaluation of inside noise (Studio F309)
When the noise within the studio is considered, 70% of the students said that the 
instructors had to speak louder, and the remaining 30% said that they did not.
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The design studio was defined previously as an environment in which a living 
process is present. In other words, a design studio is a place where the students 
spend a great portion of their time not only during the class hours but also in their 
free time When the amount of time the students spend in the studio are analyzed 
from the questionnaire responses, contrary to the assumption above, it is observed 
that the students do not stay in their design studio for a long time. Among many 
reasons for this leaving the studio in a short time, one of the reasons may be that 
environmental conditions are not satisfactory in terms of comfort, as it can be 
observed from the analysis of the measurements and questionnaires.
The analysis of the thermal environment shows that, thermal comfort conditions 
were not provided for any of the four studios. When the obtained air temperature 
values were compared with the standard values mentioned on page 34, it is observed 
that, none of the mean values satisfied the requirements given in the standards. 
Besides, in ANSI/ASHRAE 55 (7), it is mentioned that the minimum operative 
temperature should not be lower than 18 °C for activities lasting for an hour, and 
except for a few of the measurements in just a few locations in the studios, the 
measured temperatures did not satisfy this requirement.
Although there were not significant differences in air temperature at different
107
locations within the studio, large variations were present in surface temperatures. 
These large variations in surface temperatures resulted in large variations in plane 
radiant temperatures which cause asymmetric thermal radiation. The greatest 
differences between the plane radiant temperatures of two opposite sides were 
obtained near the outer surfaces of the studios, and especially near the windows and 
the radiators. When the obtained values are compared with the standard values given 
on page 37, it is observed that none of the radiant temperature asymmetry values 
exceed 10°C, and therefore they are acceptable. When the answers to the third 
question of the thermal environment part of the questionnaire are examined 
considering the locations of the students, it is observed that the students who felt 
either cold or warm discomfort on one or more parts of their body were sitting close 
to the surfaces having low or high surface temperatures. In other words, the 
locations of these students were the ones at which the radiant temperature 
asymmetry was greater. Besides, the side of their body on which they felt discomfort 
depends on the orientation of their body. The students who did not feel any 
discomfort on any part of their body were sitting at locations with smaller radiant 
temperature asymmetry, that is closer to the inner boundaries of the room and at the 
locations in the middle part of the studio.
The relative humidity values recorded throughout the study were between 39% and 
48%, .and this range is an acceptable range when compared with the relevant 
standards given on page 34.
When the air velocity measurements are considered, it is observed that the measured 
mean air velocities had values between 0 m/s and 0.12 m/s. Analysis of these values
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considering the recommended values given in Figure 3.2 on page 36 shows that they 
are in the acceptable range. On the other hand, most of the students had complaints 
about air movement around them. Since the measured air velocity values are not 
high enough to cause sensation of draught, it may be concluded that the students feel 
discomfort due to draught psychologically, since they are thermally uncomfortable 
because of the other parameters.
The analysis of the thermal environment shows that most of the mentioned problems 
are caused by the location of the heating system. The parameter which was 
considered during the design of the system was the air temperature. Since heat 
exchange due to radiant temperature is very important for human beings, this should 
also be considered while determining the heating system. By such a consideration, 
the radiant temperature asymmetry would be minimized, which in turn will affect 
the degree of thermal comfort. Therefore, searching for the acceptability of other 
heating systems for the studios is recommended for further studies.
When the measured illuminance values are compared with the standard values given 
on page 41, it is observed that the measured illuminance values did not fall below 
the recommended values. On the other hand, the values at some locations — 
especially the ones closer to windows— were much higher than required. The reason 
of this is that, the artificial lighting was on throughout the day, since the required 
illuminance levels could only be reached by artificial lighting at some other 
locations within the room. The fluorescent lights in the design studios, the numbers 
and locations of which are the same, are designed to provide uniform illumination at 
nighttime, and this is observed from the values obtained during the nighttime
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measurements. The illuminance values were between 500 and 650 lx when there 
was no daylight. Therefore, since daylight is also present in the studios, a non- 
uniform illuminance distribution is present which cause excessive illuminances at 
some locations when the artificial lighting is on, while required illuminance values 
can only be reached at some locations such as the ones away from the windows.
In order to overcome this problem, a recommendation is the use of PSALI 
(permanent supplementary artificial lighting of interiors) system by the help of 
which a uniform illuminance distribution is provided. This system arranges the 
illuminances by either dimming, or switching some parts of the lighting system on 
and off, whenever nonuniformity occurs. A recommendation for further studies is 
the search for this system for the design studio so as to determine its effects on 
visual comfort.
When the illuminance values obtained on the wall surface at eye level, that is at 
approximately 1.60m. above floor level, are examined, it is observed that, some of 
the values --recorded on the parts away from windows— fell below the required 
standard values given on page 41, while some values —obtained closer to windows— 
were much higher than the required values. The reason of this is again the 
combination of artificial light with daylight as explained above. Although most of 
the obtained values are acceptable when compared with the standards, a uniform 
distribution of illuminance is not provided on the wall surface on which the 
drawings were hung.
The analysis of the visual environment shows that although the recorded illuminance
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values did not fall below the recommended values given on page 41, most of the 
students were not satisfied. The reason of this is that sufficient quality of light is not 
provided. The use of glossy surfaces for the drawing tables and chalkboards is not 
suitable as mentioned in the standards, since they cause reflections on these surfaces. 
When the luminance ratios between the drawings and their immediate surroundings 
(walls and drawing tables) are considered, it is observed that the requirements are 
satisfied, that is the task luminance exceeds the luminance of the background, and 
the 1/3 ratio mentioned by the standards is not exceeded. Besides, the reflectance of 
the drawing tables was determined as approximately 45% which is an acceptable 
value, and the reflectance of walls was approximately 85% which is quite higher 
than the required value as mentioned in Figure 3.4 on page 44. The fluorescent 
lamps used in the studios are TL54 type which have a color rendering index of 72. 
This value is not an acceptable value for the design studios where color rendition is 
quite important.
When the Leq values recorded in the studios are analyzed, it is observed that the 
obtained values were always above the recommended value by Noise Control 
Regulations, given on page 49. The only sound levels below the recommended value 
were observed in the evening when there was nobody in the studio. Considering the 
fact that there were no students in the school at that time of the day, and the number 
of vehicles passing is very rare, the background noise level was still high.
The main reason of the excessive sound levels within the studios throughout the day 
and in the evening is the lack of sound absorptive material. The only material that 
helps in reducing sound levels is the curtains and clothing of the students. Therefore
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more sound absorptive material should be provided, such as applying sound 
absorptive material on the ceiling and hanging sound absorptive panels.
Ambient sound level was the only parameter of the acoustical environment 
considered in this study. Therefore, a study which will search about the other 
parameters -reverberation time and attenuation— is recommended for further 
studies.
The high ceilings of the studios cause an energy waste when the visual environment 
is considered. It is possible to prevent this waste, by bringing down the whole 
system of luminaires since the ceiling height permits such an attempt. The 
recommended acoustical treatment to decrease the sound levels within the studios, 
can be applied on the structure of this new lighting system. Besides, the system may 
be arranged so that a heating system, such as radiant heaters, is also involved. By 
this way it may be possible to provide environmental comfort using an integrated 
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Seated, relaxed 58 1.0
Sedentary activity (office, dwelling, 
school, laboratory)
70 1.2
Standing, light activity (shopping, laboratoiy, 
light industry)
93 1.6
Standing, medium activity (shop assistant, 
domestic work, machine work)
116 2.0
Walking on the level:
2 km/h 110 1.9
3 km/h 140 2.4
4 km/h 165 2.8
5 km/h 200 3.4
Source; International Organization for Standardization. EN/ISO 7730, Moderate 
Thermal Environments -  Determination o f the PMV AND PPD Indices and 
Specification o f the Conditions for Thermal Comfort. Geneve: International 
Organization for Standardization, 1994.
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Table 2.2,
Thermal insulation properties of various types of clothing




Underpants with long legs 0.10 0.016
Singlet 0.04 0.006
T-shirt 0.09 0.014
Shirt with long sleeves 0.12 0.019
Panties and bra 0.03 0.005
Shirts -  Blouses
Short sleeves 0.15 0.023
Light-weight, long sleeves 0.20 0.031
Normal, long sleeves 0.25 0.039
Flanel shirt, long sleeves 0.30 0.047






Dresses -  Skirts
Light skirts (summer) 0.15 0.023
Heavy skirt (winter) 0.25 0.039
Light dress, short sleeves 0.20 0.031
Winter dress, long sleeves 0,40 0.062
Boiler suit 0.55 0.085
Sweaters
Sleeveless vest 0.12 0.019
Thin sweater 0.20 0.031
Sweater 0.28 0.043
Thick sweater 0.35 0.054
Jackets












Down jacket 0.55 0.085
Parka 0.70 0.109
Fibre-pelt overalls 0.55 0.085
Sundries
Socks 0.02 0.003
Thick, ankle socks 0.05 0.008
Thick, long socks 0.10 0.016
Nylon stockings 0.03 0.005
Shoes (thin soled) 0.02 0.003
Shoes (thin soled) 0.04 0.006
Boots 0.10 0.016
Gloves 0.05 0.008
Source: International Organization for Standardizatioa EN ISO 7730, Moderate 
Iherma! Environments -  Determination o f the PM \’ AND PPD Indices and 
Specification o f the Conditions for Thermal Comfort. Geneve: International 




Table 4.1. Air temperature data (Studio F207)
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Table 4.2. Surface temperature data (Studio F207)
Table 4.3. Plane radiant temperature data (Studio F207)
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1 10 17.1 I7 J 17.2 17.0 17.0 16.8 17.2 16.7 17.3 17.2 16.9 Γ .2 23.0 17.3 17.8 1 7 J 17.4 r .O 17.2
2 1 JO I 7 J 17.6 17.4 17.3 17.4 17.0 17.6 17.0 17.7 17.4 17.3 Γ .6 24.6 17.7 18.1 17.5 17.8 17.3 17.5
3 4 30 17.7 18.0 17.9 17.7 17.6 17.4 17.9 17 J 18.1 17.8 176 r . 9 25.9 18.3 18.6 17.9 18.1 r . 7 17.9
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1 '.o  
18.0
6 4 30 18.1 18.3 18.3 18.4 18.2 18.3 18.6 18.1 19.0 18.6 18.3 18.5 28.2 19.0 19.0 18.6 19.5 18.4
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11 1 30 17.5 17.8 17.7 17.6 17.6 17.5 17.9 17.3 18.0 17.7 17.5 17.7 25.0 18.2 19.2 18.0 18.7 17.7
12 4 30 17.8 18.1 18.0 17.9 17.7 17.8 18.0 17.5 18.3 18.0 17.8 17.9 27.0 18.4 19 5 18.3 19.1 18.0
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19.0 18.4 18.5 18.5 18,9 18.3 18.5 18,7 18.8 19,1 18,7
19.4 19.0 18.8 18.7 19,4 1 19.0 18.8 18.8 19.2 19.5 19.0
19.7 19.5 19.5 19.2 19.7 1 19.0I 19.1 19.1 19.4 19.7 19,3
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i
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p ( 15b pi 14a p l l 4 p t lO pl4 pt3a p l3b p l2 pi lb
16,6 16.8 17.0 17,4 17,5 17,4 17,4 17.4 16.9
16,8 17,0 17,2 17,6 17,9 17.7 17,8 17.8 17,2
17,1 17,3 17,5 17,9 18,2 18,1 18.2 18.1 17,4
16,8 17,2 17,2 17.5 17,4 18,3 17,2 17.1 16.8
17.0 17,3 17,4 17,7 17,7 18.6 17,5 17.5 17.1
17,2 17,5 17,7 18,0 18,0 18.0 17,9 17.8 17.4
17.1 17,4 17,5 17,8 17,7 18.0 17,8 17.7 17.2
17,5 17,7 17,8 18,0 17,9 18.2 17.9 17,8 17.4
17,6 17,8 18,0 18,3 18,5 18.4 18,4 18.2 17,5
17,4 17,6 17,7 17,9 17,8 17,7 17,7 17,3 16.9
17,4 17,7 17,8 18,1 18,2 18.1 18,0 17.9 17,4
17,9 18,0 18,2 18,5 18,6 18.5 18,5 18.2 17.5
16,7 17,0 17,1 17,4 17,5 17,6 17,4 17.1 16.6
16,7 16,9 17,2 17,6 17,9 18,0 17.7 17.6 17.0
17,2 17.4 17,6 17.9 18,1 18.0 18,0 17,8 17,3
Table 4.7. Plane radiant temperature data (Studio F208)
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pt8 pt9 ptio I ptll ptl2 pll3 ptl4 ptl5 ptl6 ptl7
17.0 16.8 i 16.8 1 16.7 ] 16.6 i 16.7 11___  J 16.8 16.8 17,1 16.8
17.1 16.9 ' 17.0 17.0; 16.7 17.0 17.1 17.1 17.4 17,2
17.6 17.3 17,4 17.2 17.1 1 17,2 17.3 17,3 17,5 17,3
18.1
I
1 17.81 17.6 I 17.6 1 17.8 17.7 17.9 18,2 18,0
18.7 18.4 i 18.3 18.2 1 17.9 1 18.2 18.2 18,1 18,6 18,3
18.8 18,6 18,7 18.7 18,5 18.8 18.7 18.9 19,2 18.8'
14.7 14.5 1 14.4 14.2 14.2 i 14.3 14.4 14.5 14,9 14,7
15.0 14.8 ; 14.8
,  1




•  1 
; 15,5 ; 15.4 14.9 15.4 I 15.4
1....... . ..
15.5 15.9 15.6
19.4 19.2 ; 18.7 19.0 ^ 18.8 : 19.11 1 19.0 19.0 ! 19.41 19.3
20.0
1
20.0 , 19.9 i 19.8 : 19.6
1
; 19.9 ! 19.9 19.7 20..3 19.8










; 15,6 15.5 : 15.4 ! 15.61 15,7 16,0 15.8
16.1
f
16.0 : 16.1 1 16.0 I 15.9 I 16.2
| _
i 16.2 16,3 16.6 16.3
16.8 16.6 i 16.3 16.1 16.2 16.3 1 16.5 16,8 16.4
Table 4.10. Surface temperature data (Studio F308)
h o u r pi  In pl6 pl7 p (8 p i l l  . pi 12 p l l 2n p l l 7n p ( 17l) pi 16 p l l 6n pi 15a pi 15b p l l 4n p t l 4 pi  10 pl4 p l3n p l3b p t2 pi  l b
I 10:30 16,7 16,8 24.0 18,0 10,4 10,1 14,3 14,6 14,2 14,6 14.0 10,1 15,1 15,5 15,7 15,9 16,1 16,1 16,2 16,1 16,2
2 1:30 17,0 17,3 25,7 20,4 11,6 11,5 14,6 15,0 14,3 14,9 14,1 11,6 15,7 16,2 16,5 16,7 16,9 16,9 17,0 16,8 16,9
3 4:30 17,3 17,4 26,9 21,9 12,7 12,6 14,9 15,2 14.8 15,7 14,5 12,7 15,9 16,5 16,8 17,0 17,2 17.3 17,4 17,4 17,5
4 10:30 18,0 18,0 24.0 18,8 12,2 11,9 15,2 15,6 15,1 16,4 14,6 12,3 16,1 16,5 16,7 16,9 17,0 16,9 17,0 16,9 17.0
5 1:30 18,3 18,4 25,2 20,0 13,5 13,4 15,5 16,0 15,3 16,7 14,9 13,7 16,5 16.8 17,0 17,2 17,5 17.5 17,3 17,3 17,4
6 4:.30 18,6 18,7 27,6 21,4 14,7 14,5 15,8 16,1 15,6 19,3 15,1 14,6 16,6 17,1 17,4 17,5 17.7 17,6 17,6 17,7 17,6
7 10:30 14,5 14,4 14,0 14,7 11,0 10,8 13,2 13,5 13,2 16,4 12.8 10,6 13,8 14,0 14,2 14,3 14.5 14,5 14,7 14,4 14,4
8 1:30 14,8 14,7 15,7 15,0 12,0 11,9 13,6 14,0 13,6 16,8 13.2 12,2 14,0 14,2 14,4 14,5 14.7 14,7 14,9 14,6 14,7
9 4:30 15,2 15,2 17,2 15,6 13,1 12,8 14,0 14,3 13,9 17,9 13,4 13,0 14,6 15,1 15,3 15,5 15,7 15,8 15,8 15,5 15,5
10 10:30 18,9 18,8 25,2 19,2 13,2 12,8 16,9 17,1 16,8 16,3 16,4 12,6 17,7 18,1 18,4 18,6 18,8 18,8 18,7 18,7 18.8
11 1:30 19,3 19,3 27,2 19,9 14,4 14,2 17,5 17,7 17,3 16,6 16,7 14.1 18,2 18,7 19,0 19,2 19,3 19,3 19,1 19,2 19,3
12 4:30 19,5 19,6 27,7 20,3 15,2 15,0 17,6 17,8 17,3 21,3 16,7 15,0 18,3 18,9 19,1 19,4 19,6 19,5 19,4 19,5 19,5
13 10:30 15,4 15.4 18,1 15,8 10,8 10,5 14,4 14,6 14.3 15,2 14,2 10,3 14,9 15,3 15,5 15,7 16,0 16,1 16,0 15,9 16,0
14 1:30 15,7 15,8 19,6 16,8 11,9 11,6 14,9 15,2 14,9 15,6 14,5 11,5 15,5 16,0 16,2 16,4 16,5 16,5 16,7 16,5 16,6
15 4:30 16,0 16,1 20.2 17,2 12,7 12,6 15,2 15,5 15,0 17,3 14,7 12,6 16,0 16,5 16,8 17,1 17,3 17,4 17,4 17,3 17,4
Table 4.11. Plane radiant temperature data (Studio F308)




17.4 17.6 17.6 : 17.5 I 7 J  17.8
16.8 16.6 17.1 16.8 16.9 17.0 24.2 . 1 7 J 18.3 16.8 1 7 J 16.4 17.0 16.1 lO J 16.2 10.2 16.1 13J \62 16.1 13.9 14.7 13.8 1 8 J  ^ 16.4 14.1 16.1
17.4; 16.9 17.6 1 7 J 17.8 17.4 25.1 17.3 19.7 17.7 17.4 17J 17.1 16.7 11.7 16.9 11.6 16.3 13.4 16.6 16.3 i 16.4: 15.2 ■ 16.4 20.0 ; 16.9 14J 16.7 i
15.3 15.4 15.5 13.4 13.6 13.7 . 13.8








16.4 16.3 16.3 16.3 1 6 J 16.6 16.4 17.0 16.7 16.6 16.9 24.2 17.3 18.4 17.0 17.9 16.3 17.4 16.2 13.2 16.4 13.0 162 15.4 16.4 16.2 16.0 14.4 15.8 23 .9 ; 16.7 14.3 \62
14.3 14.2 14.4 14.3 1 4 J 14 .6 . 14.3 14.7 14.3 14.3 14.6 18.9 15.0 15.3 14.7 14.3 14 4 14.2 14.1 11.4 14.2 11.4 14 0 13.8 14.2 14.0 13.8 12.9 13.7 19.1 14.7 12.3 14.1
14.6 14.6 14.8 15.0 14.7 13.0 14.9 14.8 15.0 14.6 14.9 20.0 15.7 15.9 15.0 15.0 14.7 14.7 14.5 13.3 14.5 12.9 14.3 14.1 14.7 14.3 14.4 14.0 14.3 20.4 15.3 13.7 14.7
4 30 14.9 13.1 13.0 15.1 13.1 14.9 13.3 13.1
10 30 18.8 19.3 19.0 19.2 19.0 18.9 19.3 18.8
·■' — — ---------— -------- ------------------ _____ _
1 30 19.4 19.7 19.3 19.4 19.6 19.2 20.0 19.4
4 30 19.6 20.0 19.8 19.7 19.9 19 6 20.3 19.7
10 30 17.7 17.9 17.8 18.1 17.9 17.6 18.0 178
1 30 18.1 18.2 18.4 18.3 18.3 18.0 18.9 18.4------------ - ------- - - ......-  - ------------ — ------------ -----______










































































































































































































































p(5 , pl6 pl7 : pt8 ! pi9 : pi 10 pill 1 pll2 ! pil3 i! pi 14 pi 15 -1 pi 16 pi 17
17.8 ' 18.2 17.9 17.9 17.8 17.8 17.7 1 17.7 ; 17.8 ^ 17.7 17.8 18.0 17.8
18.1 18.8 18.4 i 18.5 i : 18.3 18.3 18.0 1^ 18.3 i^ 18.3 18.4 18.5 18.4 1
18.4 19.2 18.7 18.7 18.6 ; 18.7 18.8 ! 18.31 1
-1
18.7 11 18.7 18.8 18.9 18.9
18.3 ^ 19.0 18.4 18.5
[
! 18.3 i 18.4 18.3 i 18.0 ' 18.2 18.2 18.3 iJ 18.7 18.3
18.6 19.5
\ . - - ■ -j 
18.8 ;
' i 
18.9 1 " i 18.7 14 - 18.8 18.7 18.2 18.6 18.8 18.9 1 19.0 19.1
18.8 20.0
f ■ . .  ■ ' i
19.1 19.0
r - - . 
18,9 18.9 19.1 18.4 19.0 18.9 19.1 19.4 19.1 1
16.1 1 16.5 16.3 16.2 i 16,1 11_ _ _ _ 1. 16.1 16.2 16.0 16.1 1 16.1 16.2 16.6
. . . . .  .  j
16.3
16.4 I! 17.1 16.6 16.7 16,5 i! 16.6 16.7 16.2 16.6 |’3 6 j^ 16.8 16.8 16.9
16.5 17.6 16.8 1 16.9 16.8 ji 16.8 17.0 16.4 17.0 i_17.1 17.3 j 17.0
1
17.4 1
19.5 i 20.4 1 19.6 i 19.8 19.5 19.7 19.9 19.0 19.5 i 19.5 19.6 1 20.0 19.7
19.8 20.7 19.9 19.9 19.7 ! 19.9 20.0 19.5 19.8 1 19.9 20.0 20.1 20.2
19.9 j 21.1 1 20.3 20,0 19.9 20.2 19.8 19.9 20.0 20.1 ■ 20.5 20.4
17.3 ! 17.8 1 >7.4 i 17.5 ‘ l7.3i ‘ 17.4 17.5 17.2 17.4  ^ 17.4 17.5 17.7 17.5 !
1 - H
17.6 1 18.3 17.8 17.9 1 17.7[ 17.8 17.9 17.6 17.8 ; 17.8 17.9 ! 18.0 17.9 ■
17.8 i 18.6 18.3 18.2 1. 18.1 18.3
1





Table 4.14. Surface temperature data (Studio F309)
U)
ls>
h o u r p d a p t6 pl7 p l8 p d l p d 2 p t l2 a p ! l7 a p t l7 b p( 16 p t l6 a p d 5 a p d 5 b pf 14a p d 4 p d O pl4 p l3a p t3 b pl2 p i l l )
1 10:30 16,5 2 5 ,9 16,8 14,5 15,3 11,3 15,2 15,2 15,2 14,7 14,8 11,5 16,1 16,4 16,7 17,2 17,4 17,4 17,3 17,5 17.2
2 1:30 16,7 26,1 17,0 14,8 16,1 12,0 15,8 15,7 15,7 15,3 15.6 12,3 16,5 16,8 17,1 17,4 17,6 17,6 17.5 17.7 17,4
3 4 :3 0 16,9 26 ,4 17,3 15,0 16,8 13,1 16,4 16,4 16,3 15,9 16,1 13,2 16,9 17,2 17,5 17.7 17,9 17,9 17,9 18,1 17,8
4 10:30 17,3 2 6 ,0 17,3 14,8 16,3 12,5 16,2 16,1 16,2 15,2 16,2 12,9 16,9 17,2 17,4 17,8 18,0 18,0 18,0 17,9 17,9
5 1:30 17,6 26,1 17,5 14,9 16,7 13,3 16,6 16,5 16,5 16,4 16,8 13,6 17,2 17.4 17.7 17,9 18,2 18,1 18,2 18,2 18,0
6 4 :3 0 17,8 26,4 17,7 15,0 17,2 13.9 17,0 17,2 17,1 18.9 17,0 14,8 17,9 18,1 18,2 18,3 18,5 18,4 18,3 18,2 18,2
7 10:30 lf).0 2 2 ,9 16,0 14,6 15,1 12,6 14,3 14,4 14,3 13,5 14,4 12,9 14.7 15,0 15,3 15,4 15.5 15,5 15,6 15.7 15.4
: ' 8 1:30 16,4 23 ,2 16,1 15,0 15,4 13,0 14,8 14,8 14,8 14,1 14,5 13,2 15.2 15.5 15.7 15,8 16,0 15,9 15,9 16,1 15,8
9 4 :3 0 16,7 23 ,5 16,3 15,2 15,6 13,9 15,0 15,1 15,2 15.1 15,0 14,0 15,8 16,0 16,3 16,5 16,6 16,6 16,5 16,7 16,3
10 10:30 17,7 27 ,5 17.5 13,7 17,4 12,8 17,9 17.7 17,8 16,5 17.5 13,0 18,4 18,6 18,8 19,0 19,3 19,2 19.1 19,4 18,9
11 1:30 17,9 27,1 17,7 13,6 17,4 13,4 18,1 18,0 18,0 18,0 17,8 13,7 18,6 18,8 19,1 19.2 19,4 19,4 19,3 19.5 19,1
12 4 :3 0 18,1 2 7 ,6 I M 13,9 17,7 13,6 18,1 18,3 18,1 2 2 ,9 17,5 15,0 19,3 19,3 19,2 19,3 19,5 19,5 19,4 19,7 19,3
13 10:30 16,1 2 4 ,8 16,3 13,8 15,5 11,9 15,4 15,5 15,4 14,6 15,0 12.1 15,9 16,2 16,4 16,6 16,8 16,8 16,7 16,8 16,7
14 1:30 16,4 2 4 ,9 16,5 14,1 15,9 12,3 15.8 15,9 15.9 15.2 15.2 12,6 16,4 16,6 16,9 17,1 17.2 17,1 17,0 17,0 16,8
15 4 :3 0 16,6 25 ,2 16,9 14,4 16.2 13,1 16,0 16,0 15.9 17,1 15,4 13.4 16,7 16,9 17,2 17,3 17,5 17,6 17,5 17.5 17,4
Table 4.15. Plane radiant temperature data (Studio F309)
U )U>
bow plloul p tlia PÜINII p(2in pctowi p ü ia pi4oul pi4ia pcVjm 1
1 10 30 17.0 17.1 17.5 17.7 18.0 17 J 18.0 17.4 18J
2 1 30 17.2 17.4 17.7 17.8 1 8 J 17.5 18.4 17.6 18.6
3 4 3 0 17.5 17.8 18.2 18.0 18.4 17.7 18.7 17.8 19.0
4 1030 15.2 16.1 15.7 16.2 16.2 15.4 16.1 15.4 16.9
5 1 30 15.5 1 6 J 16.0 16.4 16.4 15.5 16.4 16.5 17.1
6 4 30 15.7 16.5 16J 16.6 16.6 15.6 16.8 16.8 17.3
7 1030 18.5 19.4 19.4 19.5 19.6 19.3 19.8 19.4 20.1
8 1 30 19.0 19.5 19.6 19.6 19.7 19.4 20.1 19.5 2t).3
9 4 30 19.2 19.7 19.7 19.7 19.8 19.5 20.2 19.6 20.3
10 1030 15.7 16.2 16.4 16.8 16.9 15.9 17.0 16.3 17.2
11 1 30 16.0 16.5 16.7 16.9 17.1 16.2 17.4 16.8 17.6
12 4 30 16.3 16.8 17.1 17.1 17.3 16.3 17.6 17.0 17.7
13 10 30 18.1 18.8 18.6 18.8 18.9 18.7 19.0 18.5 19.6


































































p<8i· pf9ou» pr9ia plIOoa plKha piMuii p tl l in pil2(w pi I2ui p(l3<Mi p<l3ia p<l4ou pll4 ia pli.'ou P«l5i· : pil6uu pil6ui p(17oa p ll7 ia  '
18.2 18J 18.0 17 6 17.5 15.1 17.6 13.4 17J 16.3 17.4 17.1 16.8 14.1 16.9 19.9 17J 14.6 17.3 '
18.6 18.5 18J 18.0 17.8 16.0 18.0 14.0 17.7 16.9 17.8 17.5 17.3 15.7 ,
----------- r
17.5 22.0 17.9 15.6 17.5 1
19.1 19.0 18.7 18.7 18.1 16.8 18.3 14J 18.1 17.5 18.3 18.1 18.0 16.9 18.2 24.7 18.7 16.5 18.1
16.3 16.0 15.8 15.8 1 5 J 14.3 15.7 14.0 15.7 14.9 15.5 15.3 15.1 14.6 15.4 20.1 15.9 14.3 15.2
16.9 16.6 16.4 16J 15.8 ' 14.6 162 14.4 16.0 15.4 16.0 16.0 15.6 15.0 15.7 23.5 16 J 14.9 15.7
r . i r . 2 . 16.8 16.7 16.3 15.0 16.6 14.7 16.3 15.9 16.4 16.4 16.1 1.5 J 16.0 26.3 16.6 15.5 16.1
19.7 19 8 19.6 19.5 19.1 17.4 \92 15.8 19.0 18.6 19.1 19.0 ' 19.1 15.8 18.7 22.0 19.3 17.3 18.9
20.4 20.4 19.9 19.8 19.5 17.6 19.7 I6.I 19.3 19.2 19.5 19.6 19.9 18.1 19.6 28.1 20.3 17.6 19.5
20.4 20.0 19.8 19.8 19.5 17.8 19.9 15.2 20.1 19.1 2<i.O 19.7 20.1 i 18.4 20.6 31.5 21.0 18.1 20.5 '
17.2 17.0 16.8 16.3 162 14.4 16.3 13.5 16.1 15.3 162 16.0 16.0 14.2 16.1 19.0 16.2 16.1
17.3 17.4 17.1 16.7 16.5 15.0 16.7 14.0 16.7 15.9 16.7 16.7 16.5 15.0 16.6 23.0 16.9 15.0 16.4
17.6 17.6 17.4 17.0 16.8 15.4 17.0 14.3 17.0 16.2 17.0 17.0 17.0 15.8 17.0 25.0 17.6 15.8 17.0
19 0 19.0 18.8 18.9 18.4 16.8 18.7 15.3 18.5 17.9 18.4 18.4 18.0 15.4 17.9 22.4 18.8 16.1 18.1 '
19.9 19.6 19.3 19.3 18.9 17.2 19.3 15.6 18.7 18.5 18.9 18.7 18.7 17.6 18.6 26.0 19.5 17.0 18.8
20.2 19.8 19.4 19.8 19.2 ; 17.6 19.6 15.1 19.4 18.8 19.4 19.2 19.2 ! 18.0 19.6 30.0 20.0 17.6 19.4


















9 0 0  




























































































































p44 ; p·' 1 pK, pl7 1 P'" pf9 i plin \
614.0 770.0 1 619.0 6*9.0 i *o io 671.0 6**l.o :
Mi.n 79*0 1 6 1 *0 7I*.(» : »vi.o 6*9.0 714.0
691.0 *24.0 6*6.0 711.0 1 *71.0 72*0 ! 714.0 1
70*0 *42.0 6**.0 711.0
i
*91.0 741.0 I 711.0
76*0 921.0 716.0 *o*>.o 9f,9.0 j *11.0 ‘ *71.0 !
621.0 1 769.0 617.0 i
1
[ 616.0 767.0 1 6 1*.n i 629.0
610.0 1 7 <9.0 6 n .n 641.0 7JV..0 1 614.0 i W.6.0





6l9.tl 797.0 614.0 *19.e» ; 691.0 707.0
6*1.0 *12.0 fi69.0
1
! 6*r>.n v,2.0 1 70X.0 717.0
777.0 919.0 771.0 *17.0 9‘JO.O *17.0 •XI* .0 i
911.0 I2V).0 *W.O 974.0 11*0.0 1040.0 1211.0 j
6J1.0 769.0 612.0 6<*.0 *o<o 667.0 6*4.0 1
61*0 7*0.0 W6.0 67*.n *22.0 ^>*1.0 6 9*0  1
671.0 *1.1.0 MiO.O M l.n *41.0 ; 701.0 71*.n !





741 0 **6.0 720.0 722.0 *91.0 I 7*1.0 711.0 1
621.0 719.0 ! 611.0 642.0 7** 0 611.0 6<l.o 1
.191.0 707.0 1'7*.0 614.0 712.0 1 616.0 611.0 I
171.0 691.0 111.0 191.0 1 719.0 1 194.(» «11.0
611.0 710.0 606.0 621.0 1 764.0 614.0 627.0
.161.0 6*2.0 .V.7.0 167.0 7HI.0 194.0 1*0.0
611.0 742.0 610.0 621.0 762.0 616.0 619.0
1*2.0 6'26.n 1*4.0 600.0 734.0 607.0 1*9.0
.1*1.0 697.0 1*0.0 594.0 7.11.0 6i)7.0 .192.0
.VJt.O rJHl.O .162.0 60*.0 717.0 j .191.0 .'92.0 1
1*1.0 711.0 1*9.0 597.0 714.0 6IW.0 1*0.0
673.0 *26.0 69‘i.O 721.0 *76.0 741.0 7«l.O
7(X).0 *16.0 719.0 761.0 92*0 771.0 *12.0
.1*1.0 7.17.0 6O*.0 621.0 771.0 611.0 6VI.0
176.0 679.0 .191.0 630.0 762.0 610.0 61*.n
611.0 71*0 612.0 611.0 799.0 649.0 6*1.0 1
11*.0 702.0 ! 1*2.0 621.0 761.0 1 611.0 611.0 1
614.0 77*0 6-12.0 691.0 *12 .0 !1 661.0 721.0 1
1**.n 769.0 j 620.0 691.0 j *10.0 j 664.0 7.V..0 1
p ill p«12 p ill PI14 p il l p«16 p117 p4l* p4l9 p424) p42l p422 p421 pl24
*14.0 749.0 •Xll.o *72.0 711.0 741.0 *«1.0 911.0 *4)-l.n 9*2.0 «24.0 114W.0 1 |1N).0 718.0
*710 791.0 1 100.0 916.0 740.0 7*1.0 949.0 11241.0 «21.0 14)70.0 919.0 12*0.0 1120.0 74)0.0
901.0 *13.0 1051.0 944.0 719.0 «21.0 911.0 14)70.41 **7.0 N20.0 991.0 13.10.0 1460.0 711.0
926.0 *72.0 1091.0 KKXI.O X2*.n 943.0 1020.0 lOTiO.I) 14)90.0 1440.0 1140.0 2100.0 2.V*).0 980.0
lOTiO.O 1000 0 1220.0 1210.0 1100.0 14.10.0 12*1.0 11441.0 11M).0 1690.0 1720.0 1110.0 21.15.0 1020.0
7W.0 67*.0 616.0 746.0 622.0 619.0 721.0 5941.0 -1«2.0 «22.0 679.0 804.0 908.0 190.0
*12.0 717.0 11*1.0 *13.0 670.41 694.0 *31.0 12.10.0 72X.0 «71.0 797.0 1440.0 K>4i0.n 114.0
*46.0 7.V..0 *99.0 *76.0 702.0 722.0 *7*.0 921.0 7*1.0 9.14.0 «22.0 1570.0 1140.0 142.0
Wil.n 7fJt.O 977.0 914.0 743.0 7.V1.O 94)2.0 971.0 «49.0 |4M)4).0 914.0 lOTrfl.n 1410.0 721.0
•XI7.0 *11.0 997.0 961.0 791.0 *4«.0 9*9.0 9*7.0 1011.0 1310.0 1220.0 II.V).0 2320.0 936.0
107.VO 961.0 1170.0 12*1.0 1140.0 1420.0 1170.0 117.V0 1510.0 24)24).0 I9*4).0 2060.0 2940.0 13.10.0
12*0.0 IIVI.O 14(HI.O 1410.0 1470.0 1470.0 141.1.0 1335.0 I144).0 2035.0 I7K0.0 4.ViO.O 25.10.0 11.10.0
*21.0 172.0 7*2.0 «17.0 676.0 6*4.0 «2*.0 *1.1.0 r>*6.n *45.0 711.0 «22.0 ll.io.o 4.1K.0
*14.0 1*1.0 912.0 «19.0 70X.0 735.0 *91.0 %7.0 761.0 944.0 «27.0 1 ItNl.t) 127.1.0 114.0
*71.0 601.0 1040.0 90*.0 741.0 769.0 920.0 1070.0 *4)1.0 1020.0 90«.0 1440.0 l.ViO.O 631.0
**9.0 «19.0 KPXI.O 932.0 776.0 «02.0 %I.O 10*1.0 91X.0 1210.0 1070.0 1640.0 24*0.0 «28.0
922.0 6-12.0 1140.0 946.0 *11.0 911.0 9*1.0 1060.0 1024).0 14*0.0 1420.0 5040.0 4310.0 911.0
794.0 701.0 1040.0 794.0 64X.0 649.0 796.0 101.1.0 702.0 «39.0 691.4) 1490.0 1401.0 677.0
711.0 6'2.0 *67.0 741.0 614.0 621.0 749.0 «17.0 6.M).4) *17.0 662.0 1161.0 12*0.0 .Vt9.0
7V>.0 64*.0 *41.0 7.19.0 604.0 612.0 742.0 «37.0 691.0 «13.0 670.4) 14*0.0 14.10.0 138.0
771.0 (V.7.0 933.0 76«.0 62«.0 607.0 7.10.0 «79.0 666.0 *l« .0 611.0 1390.0 1.191.0 610.0
710.0 «11.0 664.0 696.0 .Vi7.0 -V>4.0 6**.n 612.0 612.0 732.0 602.0 919.0 **3.0 .V)2.0
764.0 613.0 777.0 741.0 «16.0 609.0 741.0 7.16.0 641.0 7«.3.0 643.0 «11.0 104N).n 127.0
7.11.0 626.0 721.0 710.0 .179.0 5*2.0 707.0 695.0 «)0.0 737.0 600.0 919.0 970.0 140.0
734.0 612.0 661.0 710.0 579.0 577.0 701.0 629.0 626.0 719.0 5*9.0 794.0 ««0.0 418.0
717.0 701.0 i»R4.0 729.0 -191.0 611.0 «01.0 917.0 641.0 779.0 6.V).0 1030.0 n.m.o 494.0
72.1.0 191.0 541.0 6*9.0 561.0 554.0 6*0.0 540.41 572.0 671.0 534.0 4*1.0 607.0 4or..O
921.0 *19.0 1 Krfl.O 910.0 7*3.0 «24.0 9T .^O 12.10.0 907.4) 114)1,0 949.0 2390.0 2440.0 772.0
9*0.0 92*.0 1«N).0 10.10.0 *7«.0 913.0 N10.0 1710.0 lo.m.o 12*0.0 1110.0 .16.10.0 .v>«o.n 848.0
7*7.0 6*1.0 7.Vf.0 7*5.0 642.0 64«.0 7**.0 772.0 673.0 7*2.0 fi04.0 712.0 «<*).n 141.0
791.0 r.*2.0 *12.0 *26.0 6.14.0 690.0 «12.0 «11.0 723.0 «71.0 6<;«.o %«.o 990.0 1*2.0
*14.0 700.0 901.0 *61.0 6*1.0 726.0 «69.0 921.0 770.0 963.0 7.V1.O 91X.0 1020.0 ft)2.()
776.0 694.0 *65.0 7*7.0 6.14.0 67«.0 792.0 «11.0 74)0.0 «11.0 6*9.1) 14.V).0 12*0.0 671.0
**1.0 *00.0 1290.0 910.0 7.VI.·) «02.0 9*r..O 11241.0 910.0 124K).0 14)11.0 1110.0 1620.0 7*1.4)
9IMI.0 j *.10.0 1221.0 1020.0 ««0.0 I2«0.0 1240.0 11«).0 114M).4I 1120.0 164M).0 16.10.0 2020.0 1040.0
Table 4.18. Wall illuminance and luminance data (Studio F207)
hour pt3Ul pt31uiu : pt4ill ' pt41um pt9ill pt91um piioili : plOlu ptl5ill pl51u ptl6ill pl61u pt21ill p211u pi22ill p221u
I 9 00 410.0 109.3 ; 465.0 122.9 494.0 132,8 508.0 139.8 . 529.0 , 144.3 . 548.0 149.8 609.0 168.2 935.0 253.8
2 10:30 419.0 112.6 477.0 125.4 507,0 135.0 527.0 144.4 560.0 153,4 ; 595,0 162,7 666.0 181.9 1145.0 . 303.8
3 12:00 423.0 114.9 478.0 127.2 509.0 136.9 532.0 147.3 569.0 1 158.7 617.0 173.5 706.0 199.3 1320.0 383.9
4 1:30 451.0 121.3 506.0 : 134.0 538.0 ' 145.0 574.0 159.3 642.0 ' 179.9 . 753.0 ; 211.4 1020.0 290.0 2030.0 ■ 6(H).3
5 3.00 455.0 120.6 511.0 133.3 547.0 146.2 597.0 168.2 725.0 208.5 937.0 256.3 1195.0 327.7 2210.0 606.9
6 4:30 360.0 97.3 410.0 107.8 424.0 113.2 425.0 115.1 429.0 115.4 420.0 114.8 437.0 119.2 611.0 149.4
7 9 00 380.0 102.6 431.0 114.7 453.0 , 122.4 461.0 127.4 480,0; 131.2 1 497.0 135.4; 552.0 1 151.3 860.0 232.4
8 10:30 399.0 109.1 454.0 121.9 480.0 130.7 493.0 139.5 518.0 : 141.3 543,0 152.9 606.0 169.2 937.0 249.4
9 12.00 401.0 110.2 448.0 119.3 470.0 128.5 499.0 140,3 537.0 150,5 581.0 163.4 , 655,0 184.9 1210.0 342.8
10 1:30 431.0 117.7 486.0 129.3 517.0 ' 140.3 542.0 152.3 5%.0 167.7 ■ 686.0 195.9 960,0 274.2 1760.0 509.5
11 3:00 486.0 135.2 571.0 ; 151.8 631.0 m 2 698.0 196.3 855.0 I 247.2 ; 1240.0 333.8 1580.0 477,3 2510.0 682.2
12 4:30 718.0 203.5 789.0 210.4 798.0 220.0 948.0 263.9 1030.0 ‘ 272.6 1120.0 318.6 1280.0 ; 343.7 2010.0 543.3
13 9(H) 385.0 104.1 438.0 117.0 461.0 125.1 471.0 132.8 492.0 · 138.5 , 501.0 140.4 547.0 154.2 752.0 227,0
14 10:30 3W).0 107.3 451.0 120.8 481.0 129.5 495.0 138,8 522.0 146.7 545.0 151.8 611.0 : 170.0 958.0 257.7
15 12:00 395.0 108.9 448.0 119.7 472.0 127.9 493.0 138.6 527.0 147.9 571.0 158.7 642.0 181.1 1050.0 294.7
16 1:30 412.0 111.5 467.0 124.1 500.0 133.8 525.0 143.3 573,0 160.6 643.0 180.0 772,0 217.5 1480.0 , 423.7
17 3.00 428.0 114.7 484.0 ‘ 125.6 519.0 138.2 558.0 153.8 629.0 . 172.4 779.0 201.8 1070.0 239.9 23‘X).0 579.1
18 900 371.0 101.2 421.0 111.5 445.0 120.3 446.0 123.9 458.0 126.7 464.0 127.2 502.0 140.5 674.0 183.8
19 900 358.0 97.5 409.0 108.5 436.0 117.6 429.0 120.7 436,0 120.5 446.0 125.0 477.0 134.9 603.0 173.7
20 1:30 347.0 94.0 395.0 105.6 421.0 112.8 420.0 116.0 427.0 117.9 433.0 119.0 468.0 132.2 638.0 191.8
21 9:00 357.0 ■ 96.8 i 412.0 : 107.0 437.0 : 115.1 443.0 . 117.6 450.0 1 116.9 1 454.0 117.5 ; 495.0 1 122.8 610.0 134.3
22 10:30 343.0 ; 94.6 ; 392.0: 105.8 420.0 ! 114.5 408.0 , 114.3 411.0 ; 114.6 ; 409.0 i 116.4 1 432.0 , 125.5 474.0 > 146.6
23 12:00 ' 349.0 i 95.5 403.0 i 105.7 427.0 ; 113.0 416.0 : 114.2 ; 416.0 1 112.0 ; 409,0 112.4 426.0 : 119.0- 429.0 122.0
24 : 1:30 ' 320.0 i 92.0 i 386.0 ! 98.7 ; 408.0 108.2 388.0: 113.0: 407.0 , 112.1 1 399.0 ; 112.6 1 423.0 ; I 465,0 j 133.2 ■
25 3:00 342.0: 119.9 ' 390.0 : 119.6 415.0 114.1 : 408.0: 114.4 408.0 1 115.2 401.0 112.8: 416,0 ; 104.0 i 417,0 1 94,7 i
26 4:30 1 356.0 ; 97.6 1 405.0 1 107.6 432.0 ■ 116.6 ' 425.0 I 118,0 : 428.0 I 118.0 ' 425.0 1 118.2 444.0 ! 124.3 ! 521.0 ! 128.1 ;
4:30 ! 339.0 1 92.9 i 379.0 i 101.1 ^ 405.0 ! 109.7 ! 396.0 I 111,1 1 392,0 1 108.6 1 380.0 I 106.2 1 383,0 1 107.3 ! 301,0 1 82.5 :
28 i 10:30 1 352.0 j 94.3 ; 463.0 1 123.1 521.0 1 139.5: 558.0 ■ 150.5 ; 610.0 { 164.7 1 647.0 ! 175.4 1 772,0 i 207,6 11390,0 I 375,2 ;
29 : 12:00 ’ 396.0 1 103.5 1 504.0 1 133.2 : 574.0 154J i 625.0 173.5 j 711.0 1 196.2 1 780,0 1 221.3 1 1000,0 i 281,6 | 1860.0 1 585,4 {
3 0 ! 9:00 275.0 i 76.5 ! 379.0 I 102,2 , 419.0 ! 114.0 , 438.0 I 121.1 ' 455.0 j 127.4 1 439,0 1 125,6 j 444,0 1 127.5 ! 669.0 1 186,6 1
31 ! 10:30 ' 284.0 I 78.2 392.0 \ 104.4 ! 437.0 119.4 1 469.0 1 128,4 : 493.0 j
1
137.1 496.0 1 139,1 538,0 148.6 j 789.0 i 215.6 1
^^ 1 12:00 ! 285.0 1 78.6 395.0 1 104,2 1 440.0 1 119.3 1 474,0 j 128.4 I 496.0 1 138,8 505,0 139.3 1 512,0 141.8 j 833.0 230.6 1
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p l8 pl9 pi 10 p< ll p ( l2  i pll.1 p ll4 p(15 p l l6  1 p ll7 p l l8 p(19 pl20 pl21 p<22 |)I23 pl24
•;92.0 898.0 946.0 1080.0 1140.0 857.0 1020.0 974.0 989.0 1080.0 1.165.0 882.0 1170.0 990.0 10.10.0 1300.0 770.0
lOilO.O % 9 .0 997.0 11.10.0 1 1220.0 892.0 1110.0 lOfiO.O 1090.0 1220.0 14‘>0.0 KX8I.0 1.1(8).0 11.10.0 1350.0 K)05.0 892,0
1110.0 1 (8)5.0 l(8 i0 .0
1
1195.0 1 1295.0 I 938.0 1180.0 1125.0 1180.0 1290.0 1525.0 11.10.0 14.V).() 1260.0 1625.0 1740.0 1000.0
1170.0 1060.0 11.10.0 1255.0 1 1325.0 ! 1040.0
1
129.5.0 1230.0 1 13‘>().() 1540.0 1770.0 1480.0 1720.0 15W .0 23.50.0 2430.0 1195.0
l i w . o 1070.0 ! 11‘8).0 1345.0
1
i 1405.0 1270.0 1470.0
i
13.10.0 15'8).0 18.10.0 1950.0 2140.0 2170.0 1930.0 2KfiO.O 3030.0 1950.0
932.0 787.0
1
839.0 995.0 969 .0 1050.0 1025.0
1
910.0 1005.0 1125.0 1430.0 1080.0 1250.0 1110.0 1625.0 K>60.0 8.17.0
951.0 817.0 840.0 l(88).0 15.50.0 834.0 ‘>95.0 8‘Xi.O 944.0 IO‘XI.0 2320.0 925.0 1 l ‘X),0 1010.0 17 « ).0 2170.0 772,0
917.0 811.0 1(8)5.0 10.50.0 K 8.5.0 813.0 1055.0 951.0 883.0 1030.0 1.1(X).() 895.0 1170.0 1050.0 1110.0 1290.0 789.0
1080.0 1(88).0 1040.0 1140.0 1170.0 890.0 11.10.0 11(81.0 1130.0 1240.0 1420.0 1020.0 1.1(8).0 1190.0 1.180.0 1640.0 839,0
t i 10.0 10.15.0 1 K8).0 I2(8).0 1260.0 978.0 12W).0 1180.0 1310.0 1420.0 1.595.0 1340.0 1640.0 1510.0 2270 .0 2290.0 1030.0
12(M).0 1080.0 1 l ‘8).l) 1310.0 13.50.0 12.10.0 14.10.0 1285.0 1510.0 1780.0 1870.0 1875.0 21.10.0 1840.0 2580.0 2880.0 1610,0
118.5.0 I0.V).0 ll.V).() 1290.0 1235.0 1270.0 1420.0 1260.0 14.10.0 1640.0 19(8).0 1940.0 1885.0 1665.0 2170.0 2520.0 1340.0
982.0 874.0 890.0 1015.0 1140.0 7 ‘8i.O 973.0 9O6.0 89f>.() 1015.0 1320.0 8.10,0 1040,0 901,0 l(88).0 1130.0 759.0
10.10.0 945.0 971.0 1 (8.5.0 1230.0 KTiO.O 10.50.0 ‘>95.0 ‘/X ).!) 1115.0 14(M).0 919.0 1120,0 978.0 1150.0 1280.0 846.0
11(M).U 10.10.0 |(8 i0 .0 1180.0 1275.0 929.0 1150.0 1080.0 1100.0 1220.0 1480.0 1040.() 1260,0 1100,0 1390.0 1520.0 1050.0
1165.0 1075.0 1150.0 124.5.0 13.V).0 1020.0 12«).() 1210.0 1270.0 1400.0 1640.0 1260.0 1610,0 1400.0 20i»0.0 2480,0 1570,0
1245.0 1125.0 1220.0 13.50.0 I6 ‘8 ).0 1270.0 1445.0 l.1«).0 15W .0 1810,0 1 2210.0 i 2160.0 22‘>().0 2 « i0 .0 3810.0 4020.0 2690,0
842.0 706.0 739.0 894.0 1.105.0 841.0 9.13.0 775.0 810.0 974.0 l ‘X8).() 802 .0 1050.0 840.0 1210.0 15.10.0 775,0
911 .0 801.0 843.0 1(88).() 1600.0 874.0 10.10.0 899.0 9 41 .0 1140.0 2790.0 1050,0 1220.0 1010.0 1850.0 2240.0 1140.0
8T>1.0 737.0 771.0 918.0 1420.0 785.0 9.50.0 811.0 854 .0 1040.0 2280.0 915.0 1 1«).0 910.0 1910.0 2.V8I.O 1240.0
813.0 6 '8).0 704 .0 850.0 1150.0 721.0 8ti8 .0 729.0 7.V..0 923.0 1.5‘X).() 8(8).0 ‘>45.0 795 .0 10‘>0.0 l.iriO.O 751.0
771.0 WiO.O 679.0 810.0 ‘8 .9 .0 « .5 .0 818 .0 693.0 712 .0  1 Kiil.O 1120.0 708.0 872.0 7.10.0 ‘8)2 .0 1150.0 64.1.0
7'X).0 W.9.0 681,0 811.0 '^55.0 677.0 824 .0 6 ‘8).0 713 .0 8i>4.() 1210.0 685.0 854,0 705 .0 824.0 10.50.0 56.1.0
751.0 610.0 65i..o 788 .0 ‘>79.0 674.0 825.0 695.0 733.0 879.0 1 KM).0 744.0 918.0 773 .0 11.10.0 1370.0 583.0
831.0 70.1.0 722.0
I
867 .0 1 1170.0 7.10.0 880.(1 748.0 789,0
1
1 948 .0 , 1570.0 754.0 lOlO.O 8.10.0 ll'X ).() 1470,0 605.0
802 .0 676.0 691.0 8.15.0 1040.0 720.0 i 855 .0 724.0 750.0 ‘XXI.O 1 I3«),() 728 .0 922.0 755.0 975.0 12.V).() 570.0
1200.0 1080.0 I1.V).0 1340.0 )1 23W).0 1140.0 ! 1350.0 1200.0 1260.0 15.50.0
I ■
! 33(8).o 1395.0 1640.0 13.50,0 24.10.0 2«i(l.() 1420.0
1400.0 1280.0 13‘8).() 1580.0 1 33.VI.O 1 1370.0 1.595.0 1390.0 1470.0 1840.0 4020.0 15‘>5.() 1875.0 1590.0 31(8).0 34.10.0 1730.0
1010.0 9.V).0 9*^.1.0 1080.0 1 I2(8).0 873.0 1125.0 1085.0 1180.0 1310.0 1 1580.0 ' 13(81.0
1
l«*0 .0 1290.0 l ‘>70.0 2980.0 910.0
7.58.0 629.0 6.15.0 746 .0
I
I 6 ‘X».0 1 546.0 7.11.0 645.0 6 49 .0 1 728.0 j 7 2 ‘>.0 1 575.0 7.14.0 616,0 577.0 7.V).0 I 443.0
Table 4.21. Wall illuminance and luminance data (Studio F208)
hour pt3ill pi31um pi4ill pt41uin pt9ill pt91um ptlOiU plOlu ptl5ill pl51u ptl6iU pl61u pt21ill p211u ' pt22iil p22lu
1 9;00 674.0 183.3 818.0 206.1 863.0 235.9 ‘ 920.0 ' 244.2 , 925.0 249.0 937.0 237.0 866.0  ^ 239.1 976,0 261.8
2 10:30 678.0 184.6 838.0 217.0 889.0 244.0 960.0 255.7 ' 967.0 : 267.4 980.0 252.0 947,0 268.6 1130.0 313.6
3 12 00 696.0 188.9 875.0 216.2 940.0 259.4 1030.0 272.5 1020.0 289.8 1070.0 282.9 1120.0 321.3 1670.0 440.5
4 1:30 688.0 186.1 874.0 225.6 950.0 261.2 1075.0 289.6 1090.0 306.6 1200.0 319.6 1430.0 404.7 2700.0 729.0
5 3.00 652.0 178.4 824.0 210.6 916.0 241.4 1050.0 287.3 1120.0 306,8 1330.0 353.2 1590.0 439.9 2880.0 684.1
6 4:30 441.0 116.0 508.0 129.7 518.0 133.3 554.0 144.9 563.0 142.9 566.0 144.4 598.0 156.2 688.0 164.9
7 9 00 551.0 150.1 662.0 175.2 703.0 190.4 730.0 200.5 i 731.0 200,3 ! 753.0 201.0 782,0 219.2; 974.0 ; 263.3
8 10:30 691.0 191.6 890.0 232.3 961.0 264.6 995.0 , 269.9 ' 987.0 274.6 1000.0 245.4 938.0 ; 258.8 1050.0 275,9
9 12.00 666.0 180.5 902.0 236.2 989.0 ‘ 274.2 1040.0 280.2 1040.0 292.6 1070.0 282.8 1100.0 319.3 1490.0 433.2
10 1:30 662.0 184.9 890.0 236.3 972.0 271.3 1050.0 293.0 1090.0 309.3 ; 1170.0 320.9 1390,0 402.6 2570.0 731.4
11 3 00 662.0 183.3 855.0 ' 226.2 970.0 , 266.5 1100.0 303.8 ' 1160.0 323.5 , 1440.0 : 391.5 , 1630.0 467.6 ' 2530.0 716.1
12 4 30 629.0 173.1 803.0 212.3 920.0 254.3 1040.0 293.3 1080.0 299.6 1200.0 ' 328.6 1370.0 377.7 2340.0 581.9
13 9(M) 686.0 188.2 765.0 198.0 799.0 220.0 825.0 222.2 836.0 229.3 780.0 i 204,7 712.0 198.4 823.0 , 227.9 ,
14 10:30 724.0 203.6 848.0 221.8 886.0 246.1 925.0 253,5 928.0 260.3 871.0 : 229.6 780.0 : 217.6 980.0 267.6
15 12.00 744.0 208.9 901.0 235.8 971.0 266.0 1020.0 277.0 1010.0 290.2 968.0 268.8 887.0 270.4 1130,0 : 410.0
16 1 30 782.0 216.9 955.0 249.8 1040.0 285.9 1120.0 305.4 1130.0 319.2 1150.0 308.0 1230.0 347.5 21W.0 597.6
17 3:(H) 769.0 213.2 967.0 252.9 1050.0 294.7 1180.0 329.4 1320.0 375.8 1490.0 416.7 1680.0 , 488.2 2920.0 825.9
18 9 00 461.0 126.1 530.0 141.3 538.0 148.1 561.0 154.1 590.5 162.5 591,0 163.8 594.0 167.7 734.0 203.5
19 9:00 510.0 140.7 608.0 160.3 670.0 187.7 695.0 190.9 725.0 200.0 734.0 ; 197.7 748.0 208,9 1070.0 298.9
20 1:30 466.0 126.7 561.0 144.4 607.0 169.1 640.0 173.3 ; 659.0 185.9 672,0 185.2 685.0 1 191.5 : 914.0 1 235.3 ;
21 9:00 426.0 115.7 ; 501.0 131.1 536.0 ; 145.1 547.0 149.4 : 558.0 152.0 1 560.0 152.3 561.0 * 156.9 ! 631.0 ; 166.9
22 10:30 405.0 109.9 474.0 123.7 504.0 138.3 : 510.0 139.3 509.0 141.5 518.0 i 140.3 . 514.0 143,7 539.0 , 144.0 ,
23 12.00 388.0 106.7 449.0 120.6 478.0 133.7 486.0 135.6 492.0 136.3 ' 499,0 : 137,0 506.0 ! 142.3 1 496.0 ; 136.2;
24 1.30 408.0 112.4 462.0 124.0 502,0 . 140.9 514.0 143.9 1 520.0; 145,7 : 536.0 : 148.0 ; 552.0 157.7; 612.0 : 172.4 ,
25 , 3 . 00 ; 421.0 , 115.6 ; 485.0 : 129.7 : 525,0 1 145.2 ! 540.0 149.0 I 544.0 i 150.0 1 562.0 i 153.1 1 587.0 162.3 1 655.0 i 178.0 1
26 ! 4:30 407,0 j 111.7 , 462.0 1 123.7 i 491.0 ; 136.4 1 500.0 ; 138.5 ■ 499.0 1 137,8 1 509.0 I 138,9 j 524.0 145.6 \ 590,0 1 152.8
27 ; 9:00 , 711.0; I% .7 885.0 1 224,7 ; 981.0 [ 274.0 i 1080.0 ! 279.3 1130.0 314.9 1120,0 295,1 1140.0 307.9 j 1590,0 411.4 1
28 1 10:30 : 835.0 231.9 1 1070,0 i 2 7 U  j 1200.0 j 338.2 1320.0 1 440.5 1400.0 1 378.9 1370.0 i 361.31 1340.0 371.9 1 2060.0 560.9 j
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5 24 .0  
-501.0
586 .0  
6.Vi.0
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740 .0





































































6 78 .0  j
715 .0  I
822 .0  I
I(»20.0 I
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pi 15 pi 16 p ll7  1 p l l8 pi 19 pl20 pl21 (M22 pl23 pl24
761.0 785.0
- j
1025.0 j 128(».0 937.0 11.30.0 878.0 905.0 1105.0 882.0
9.35.0 1060.0 1670.0 : 21 (»0.0 1180.0 1420.0 1180.0 1070.0 1280.0 1080.0
1340.0 14.VI.0 2380.0 2510.0 1210.0 1430.0 1210.0 1170.0 1425.0 1100.0
1265.0 1290.0 1885.0 2600.0 12.30.0 14.30.0 1160.0 1240.0 1690.0 1200.0
10.50.0 1060.0 1330.0 1680.0 1215.0 1470.0 1180.0 1405.0 1860.0 122.5.0
11.30.0 1190.0 1290.0 1440.0 1280.0 1640.0 1340.0 2.360.0 2440.0 1190.0
703.0 706.0 10.30.0 1-500.0 787.0 916.0 714.0 1000.0 1190.0 705.0
939 .0 1010.0 15.30.0 2010.0 1200.0 1670.0 1170.0 |(M»0.() 1310.0 1025.0
I3.V).0 14.50.0 20.30.0 2220.0 11.50.0 1350.0 1 1«».0 1040.0 1210.0 997.0
137.5.0 1290.0 1700.0 1920.0 1210.0 1370.0 111.5.0 1210.0 1.590.0 1110.0
1070.0 1060.0 1320.0 1540.0 1150,0 1.38.5.0 1085.0 1320.0 1800.0 11.50.0
1140.0 11.50.0 11'8».0 IKiO.O 11.30.0 I47(».0 1330.0 2800,0 1610.0 10.30.0
817 .0 857.0 114.5.0 14‘X».0 1050.0 1390.0 917.0 991.0 1110.0 861.0
11.30.0 1270,0 2220.0 2740.0 1270.0 1475,0 N 7 0 .0 1070.0 12*81.0 977.0
1510.0 1440.0 2460.0 2880.0 1320.0 1470.0 119.5.0 1230.0 1.585.0 1105.0
1200.0 1160.0 1620.0 2200.0 1250.0 14.50.0 1 KiO.O 1400.0 1950.0 1230.0
7 4 9 .0 787 ,0 1020.0 1.560.0 1105.0 1180.0 885.0 1810.0 2970.0 117.5.0
6 6 5 .0 6 80 .0 945.0 1570.0 714.0 8*;8.0 703.0 911.0 |0«8).0 650 .0
751 .0 781.0 12.30,0 2900.0 836.0 12.50.0 844.0 1180.0 1410.0 794.0
62 3 .0 6.38.0 925.0 19.30.0 727.0 880.0 678.0 824.0 1040.0 627.0
60.3.0 611 .0 791.0 947.0 6.34.0 758.0 617.0 672.0 793.0 .542.0
6 3 1 .0 637 .0 861.0 1320.0 662 .0 802.0 640.0 812.0 % 5 .0 581.0
589.0 597.0 765.0 853.0 616.0 729.0 589.0 619.0 748.0 540.0
594 .0 610 .0 798.0 1070.0 640.0 768.0 621.0 746.0 868.0 557.0
6 2 3 .0 637 .0 834,0 1200.0 669.0 823.0 (MiS) 824.0 94.3.0 .V»1.0
567.0 574.0 716.0 658.0 596.0 694.0 568.0 495.0 608.0 516.0
771 .0 793.0 KMO.O 16.30.0 849.0 1050.0 865.0 1070.0 12*81.0 679.0
8 32 .0 865.0 1180.0 2060.0 9.39.(» 1190.0 96(».0 1420.0 1610.0 720.0
948 .0 1070.0 1640.0 1920.0 1080.0 I39(».0 113(».0 1040.0 1210.0 963.0
942 .0 942.0 1190.0 1610.0 1035.0 123.5.0 997.0 1160.0 1520.0 104.5.0
925 .0 980.0 1040.0 1080.0 954.0 1210.0 988.0 15.30.0 1.59.5.0 922.0
6 22 .0 646 .0 847.0 1190.0 691.0 829.0 658.0 670.0 89*>.0 676.0
Table 4.24. Wall illuminance and luminance data (Studio F308).
hour p(3iU pGlum ' pi4Ul ^pl41unt pt9iU pt91um ' ptlOiU : plOlu ptl5ill ! pl51u ptl6ill ‘ pl61u pt21iU p211u ’ pt22ill p221u
1 9:00 384.0 102.2 : •*■77.0 , 128.5 : 516.0 ^ 137,1 j 548.0 , 148.5 588.0 ; 161,5; 593.0 163.6 630.0 . 176.6 664,0 197.3
2 10:30 426.0 113.8 ; 526.0 : 140.3 575.0 ' 152.7 1 636.0 , 171.9 769.0 , 209.2 1 952.0 246J 1005.0 247.2 868,0 226.4
3 12.00 496.0 131.5 610.0 161.5 715,0 191.4 i 878.0 234,3 1300.0 ' 322,8 1 1240.0: 315.5 990.0 253.9 883.0 237.0
4 1.30 565.0 152.8 705.0 . 191.3: 860.0 225,9 1 1070.0 278.8 1100.0 ; 274.5 ■ 980,0 258.1 900,0 233.3 1010.0 272.9
5 3.00 594.0 162.0 705.0 186.8 768.0 209.5 803.0 209.6 810.0 211.9 I 815.0 ^ 216.9 840,0 221.4 1170.0 322.8
6 4:30 608.0 161.4 818.0 206.3 747.0 176.3 725.0 175,1 798.0 194.2 ; 817.0 173.0 857.0 158.0 14(H).0 290.4
7 9 00 344.0 94.1 422.0 116.9 451.0 121,4 ; 468.0 128.3 495.0 133.8 ; 492.0 133.2 503.0 1.34.2 554,0 148.8
8 10:30 417.0 115.4 : 504.0 , 142.2 551.0 155.2 616.0 179.3 ' 625.0 219.1 ; 536.0 251.5 562.0 260.4 599.0 269,9
9 1200 459.0 125.7 557,0 150.9 656.0 ' 178.2 I 813.0 223,8 1240.0 ; 314,5 ! 1200.0 322.4 960.0 255.2 793.0 217.9
10 1:30 546.0 148.7 675.0 185.9 828.0 : 223.8 1030.0 282.6 1070.0 277.8 ! 941.0 : 254.6 857.0 231.6 953.0 · 262.7
11 3.00 641.0 178.5 749.0 204.7 834.0 239.5 879.0 235.2 840.0 225.3 ' 811.0 217.6 805.0 217.4 1050.0 ' 288.7
12 4:30 588.0 156.7 783.0 207.7 1050.0 284.7 ; 990.0 257.5 952.0 240.4 ; 865.0 224.5 819.0 207.4 1160,0 295,3
13 900 396.0 107.8 505.0 138.4 539.0 146.0 578.0 158,6 666.0 185,1 700.0 ' 196.8 725.0 213.7 869,0 252.3
14 10:30 449.0 123.7 569.0 157.8 631.0 173.2 ■ 739.0 204.9 1020.0 285.6 1140.0 311.7 928.0 250,1 836.0 226.6
15 12 (W : 549.0 150.1 696.0 192.8 821,0 223.8 1015,0 , 279.1 1390.0 ' 347.3 1130.0 298.8 905.0 250.7 ! 946.0 256.7
16 1:30 558.0 153.2 729.0 200.6 864.0 233.2 987.0 250,5 961.0 256.3 : 899.0 241.8 843.0 232.4 1070.0 296.6
17 3.00 710.0 196.3 818.0 220.6 839.0 221.8 850.0 220.2 861.0 233.2 ’ 875.0 260.9 887.0 264.4 1310.0 405.3
18 9:00 336.0 92.0 418.0 116.2 441.0 120.5 : 459.0 126.5 483.0 132.5 ' 495.0 137.9 485.0 136.4 541,0 159.1
19 9:00 367.0 104.0 459.0 133.7 486.0 143.0 514.0 159.3 565.0 179.3 586.0 184.7 589.0 186.3 699.0 215.4
20 1:30 317.0 85.3 401.0 106.3 433.0 109.2 454.0 115.4 477.0 ' 120.5 487.0 124.2 480.0 124.3 537.0 136.3
21 9.00 311.0 83.8 , 393.0 , 107.3 i 403.0 107.7 407.0 110.4 421.0 . 113.2 1 424.0 116.7 ■ 416.0 114.0 : 410.0 : 109.0
22 10:30 309.0 84.9 396.0 108.2 409.0 110.2 419.0 114.1 446.0 119.6 : 464.0 123.7 451.0 121,4 479.0 127.3
23 1200 312.0 85.6 392.0 109.6 399.0 109.6 402.0 112.5 417.0 117.1 420.0 120.5 404.0 116,7 394.0 115.2
24 1:30 305.0 82.6 388.0 106.2 397.0 ; 106.8 406.0 110.6 ’ 426.0 115.9 ; 435.0 119.8 420.0 116.1 1 435.0 118.6
25 3.00 312.0 85.3 398.0 109.8 407.0 110.1 418.0 113.6 1 444.0 I 120.1 1 455,0 123.7 ; 445.0 120.5 i 478.0 . 125.1 !
26 4:30 286.0 77.3 ; 351.0 95.0 369.0 99.4 376.0 101.9 j 388.0 1 104.3 1 394.0 107.4 376.0 i 103,3 ! 340,0 i 91.3 ‘
27 , 9:00 404.0 107.8 488.0 137.3 530.0 : 142,7 1 551.0 ; 150,0 611.0 I 161.5 ! 648.0 ! 172.9 j 678.0 181,9 i 764,0 202,0 1
28 ' 10:30 431.0 117,8 539.0 147.5 583.0 156.6 ! 610.0 : 168.1 1 682,0 1 187.7 734.0 : 204J j 778,0 i 219.6 I 948,0 1 268.3 ;
29 10:30 416.0 103.8 514.0 1 130.7 ! 565.0 \A22 \ 626.0 ! 158.6 ! 788,0 1 189,7 \ 930.0 220.3 ' 972.0 ; 226.8 1 791.0 1 210.4 1
30 1 1:30 ; 493.0 1 127.2 611.0 1 160.9 707,0 , 191.8 784.0 i 216.7 , 780.0 1 209.5 I 748.0; 204.5 1 720,0 ; 193,4 911.0 246.0 ;
3» i 4:30 ; 533.0; 144.3 670.0; 183.4 596.0 , 159.0 1 595,0 , 178,4 1 736.0 i 190,2 1
689,0; 178,9 ! 687.0 i 173,5 i 974.0 240.0 j
32 i 3:00 i 309.0 ; 83,7 386.0 102.4 1 430.0 1 110,9 434,0 1 112,9 1 449.0 j 116.7 1
______ L
457.0 \202 j 450.0 j 119,7 i
_______L
428,0 j 114.2 i
______ 1
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Table 4.26. Table-top illuminance data (Studio F309)
ho«ir 
9  00  
10 30 




9 0 0  
10:30 
12 0 0  
I 30 
3.00






9 00  
9 0 0  
9  00  
1:10




3 .00  
4 .10  
9 0 0  





6 2 7 0  
6 .190  
6 |.< .0  
6 0 8 0  
6 3 6 0  




5 9 7 0  
6 1 2 0  
6 1 5 0
645 .0
6.10.0 
6 7 7 0
702.0
71.5.0 
5 3 6 0  
5 5 9 0
5.14.0
525.0
5 5 5 0
5 5 7 0
545.0  
4 7 8 0  














6 9 6 .0
6 76 .0  
7 0 3 0
761.0
























682 .0  
6 7 2 0
675 .0
703.0
625 .0  
.S8I.0 
6 6 1 0  
6 3 5 0







698 .0  
5 9 2 0
6 20 .0  



















6 98 .0 f
6 9 2 0  ;
746 .0  !
- I
7 3 9 0  .
757 .0  f
759 .0  i
718 .0  !
798 .0  j
799 .0  





6 8 1 .0  
6 6 3 .0
6 5 1 0
6 73 .0
66 5 .0
6 03 .0  
6 1 2 0  
6 2 1 0
843.0  








8 5 2 0
894.0 
8 2 1 0
805.0
825.0 








9 3 2 0
801.0 
8 5 2 0  


















7 6 1 0  j 
7 1 2 0  iI
6 5 4 0  1 
7 0 2 0  




7 2 2 0
734.0
759.0  
7 9 1 0  
7 9 5 0
675 .0
701.0
644 .0  
6 4 2 0
p(7 I pl8 















8 3 1 0
742.0
753.0  
















80-10 I 965 .0  
808 .0  \ 976 .0


































pl9 pi 10 p i l l p l l2 1X13 p(14 p(15 p(16 p(17 p(18 p(19 pl20 pl21 pl22 pl23 pl24
781.0 824.0 95.1.0 10‘8 ).0 835.0 973.0 865.0 858.0 995.0 1165.0 767.0 9fXi.() 7 ‘>4.0 782.0 1015.0 710.0
78^1.0 825.0 958.0 1075.0 848.0 978.0 875.0 890.0 KMO.O 1205.0 817.0 ‘>‘>5.0 840.0 942.0 1090.0 806.0
828.0 886.0 1010.0 12.10.0 910.0 1070.0 958.0 976.0 114.5.0 1280.0 922.0 11.10.0 975.0 12(8).0 126.5.0 976.0
841.0 924 .0 1075.0 1155.0 1(88).0 11.50.0 1030.0 1100.0 1280.0 1.120.0 11‘X).0 1.180.0 11‘>0.0 1600.0 17fX).0 1.185.0
8i>9.0 954 .0 1120.0 12.10.0 11 (0.0 llfiO.n 1110.0 121.5.0 1470.0 1.500.0 1720.0 16.50.0 14.V).0 2380.0 2210.0 1.5‘>0.0
729.0 753.0 896.0 953.0 831.0 954.0 802.0 836.0 1010.0 1290.0 14.50.0 1160.0 1010.0 1760.0 1880.0 878.0
7.50.0 80.1.0 946.0 NriO.O 8.50.0 961.0 828.0 839.0 995.0 17.50.0 808.0 1000.0 826 .0 1080.0 1170.0 611.0
814.0 857.0 % 7 .0 14.10.0 811.0 952.0 836.0 821.0 982.0 1280.0 787.0 929.0 771.0 882.0 951.0 639.0
801.0 1 8^>8.0 ! ‘>94.0 1120.0 859.0 1015.0 927.0 930.0 1060.0 1190.0 845.0 1010.0 884.0 10.50.0 1120,0 705.0
829.0 902.0 1040.0 11.50.0 929.0 1110.0 978.0 10.10.0 1200.0 12.10.0 1010.0 12‘>0.() 1 ir>o.o 1610.0 1620.0 1010.0
821.0 919.0 1070.0 11.10.0 1045.0 1210.0 1075.0 1175.0 1440.0 1430.0 1525.0 16i*5.0 1420.0 2320.0 2280.0 1190.0
(.-8).0 72.1.0 852.0 802.0 734.0 843.0 729.0 723.0 849.0 802.0 7(8).0 841 .0 705.0 668.0 798.0 480.0
837.0 9.V*.0 1070.0 1 2«).0 •>I2.0 1075.0 980.0 9.10.0 1070.0 1325.0 768.0 997.0 858.0 975.0 10.50.0 5‘>6.0
846.0 940.0 i 1090.0 1245.0 913.0 10*>0.0 9«>5.0 954.0 1100.0 1345.0 80.1,0 10.10.0 886.0 997.0 1110.0 640.0
871.0 1(8)5.0 114.5.0 1.1(8).0 1040.0 1195.0 1070.0 1085.0 1275.0 1460.0 1005.0 12.50.0 1125.0 1560.0 14.50.0 865.0
910.0 10.50.0 1220.0 1530.0 1240.0 1310.0 1160.0 1240.0 1420.0 1880.0 1310.0 1580.0 1.180.0 28.50.0 2.140.0 1.1.50.0
895.0 1010.0 1210.0 1350.0 1210.0 13.50.0 119.5.0 13.30.0 1595.0 1750.0 2140.0 1890.0 1700.0 2900.0 3040.0 1540.0
727.0 768.0 917.0 15.50.0 816.0 933.0 803.0 823.0 % 7 .0 1710.0 752.0 948.0 805.0 10.10.0 WXl.O 565.0
772.0 818.0 1020.0 1860.0 1020.0 1060.0 916.0 904.0 11.10.0 21.50.0 858.0 1185.0 9.V1.0 l.ViO.O 159.5.0 6-10.0
711.0 7.50.0 887.0 1435.0 822.0 903.0 788.0 791 .0 947.0 1600.0 721.0 969.0 822.0 1140.0 12.50.0 557.0
690.0 7.14.0 877.0 1440.0 861.0 878.0 750.0 7.V..0 895.0 1720.0 641.0 841.0 717 .0 732.0 900.0 479.0
673.0 695 .0 822.0 1085.0 719.0 828 .0 714.0 700.0 8.13.0 1180.0 618.0 793.0 687 .0 735.0 818.0 475.0
679.0 719.0 849.0 1310.0 787.0 845 .0 729.0 71.1.0 851.0 1350.0 617.0 784.0 685 .0 749,0 828.0 480.0
680.0 718.0 846.0 127.5.0 762.0 861.0 743.0 729.0 871.0  i 1520.0 6.10.0 810.0 694 .0 755.0 886.0 482.0
631.0 riT>8.0 803.0 10*8).0 712.0 817 .0 708.0 706.0 8.17,0 1180.0 616.0 804.0 688 .0 822.0 891.0 471.0
627.0 674.0 801.0 1110.0 734.0 823 .0 705.0 721.0 841.0 1220.0 646.0 823.0 711.0 880.0 895.0 487.0
628.0 f/i.1.0 783.0 910.0 f /l6 .0 794 .0 685.0 689.0 793.0 9 ‘.8),0 5 ‘X).() 7.18.0 641.0 6.17.0 748.0 454.0
882.0 958.0 11.50.0 19.10.0 ‘>f.2.0 1170.0 995.0 1010.0 12.10.0 2250.0 10.15.0 1210.0 1030.0 13‘>0.0 16.50.0 875.0
9(^i9.0 11(N).0 1.1(81.0 2600.0 1120.0 1330.0 11.10.0 117.5.0 1450.0 3110.0 1280.0 14.10.0 1210.0 1900.0 21(K).0 1010.0
836.0 892 .0 l(8 i0 .0 1110.0 827.0 1020.0 916.0 890.0 1070.0 11.10.0 8T.1.0 916.0 835.0 882.0 974.0 859.0
895.0 1020.0 12.V1.0 1910.0 1120 .0 . 1270.0 1090.0 1200.0 1460.0 2.100.0 11.10.0 1740.0 14(K).0 2360.0 2110.0 l ‘>90.0
943.0 1020.0 1210.0 1280.0 1 KiO.O 1310.0 1170.0 1280.0 1570.0 1760.0 1980.0 KvIO.O 1.180.0 1720.0 17(10.0 1880.0
Table 4.27. Wall illuminance and luminance data (Studio F309)
hour pl3ill pi31uoi p(4ill pl41iun pt9ill pt91uin ptlOill plOlu pi 15(11 pl51u 1 ptl6ill pl6iu pi21ill p211u pi22UI p221u
1 900 485.0 130.0 564.0 150.0 657.0 176.4 ; 717.0 196.8 746,0; 200.6 . 739.0 193.3 681.0 179.0 741.0 201.3
2 10.30 482,0 129.2 567.0 151.7 668.0 180.3 741.0 200.3 748.0 202.2 ! 743.0 196.8 669.0 178.3 768.0 204.9
3 1200 493.0 133.4 587.0 157.8 698.0 190.6 778.0 215.7 776.0 211,3 i 800.0 214.9 788.0 216.6 963.0 260.9
4 130 523.0 141.6 611.0 164,2 717.0 194.9 821.0 223.6 846.0 226.5 889.0 , 235.1 1020.0 269.8 1700.0 445.0
5 3 00 503.0 135.7 597.0 159.5 689.0 185,9 781.0 212.9 841.0 230.3 918.0 249.8 1170.0 324.5 1840.0 571.2
6 4:30 509.0 141.3 578.0 156.8 623.0 168.3 660.0 176.9 693.0 183.2 ; 722.0 · 186.8 . 808.0 247.2 1030.0 323.2
7 9 00 460.0 123.6 540.0 167.9 61 l.O 164.5 653.0 176.1 : 655.0 177.3 ; 645.0 173.4 599.0 163.2 666.0 183.5
8 10:30 424.0 116.9 514.0 145.5 610.0 181.2 646,0 204.1 643,0 209.9 639.0 200.7 600,0 174.8 640.0 181.8
9 12 ()0 477.0 131.4 577.0 156.9 702,0 191.4 789.0 221,1 , 780.0 215.0 798.0 216.6 759.0 209.1; 841.0 232.6
10 1 30 486.0 133.6 569.0 190.4 683.0 225.4 804.0 228,5 823.0 237,4  ^ 840.0 235.2 981.0 269.4 1620,0 448.6
11 3 IK) 502.0 137.8 597.0 161.4 707.0 195.1 822.0 231.3 888.0 . 251.1 ; 980.0 273.6 1260.0 352.2 2140.0 664.8
12 4 30 370.0 98.3 435.0 111.6 466.0 123.4 472.0 126.1 473.0 126.8 466.0 125.3 466.0 120.7 ' 454.0 118.6
13 9 00 518.0 142.7 613.0 165.3 732.0 200.9 835.0 222,3 854.0 , 236.4 799.0 213.2 678.0 183.9 769.0 204.1
14 10 30 513.0 140.9 619.0 167.2 756.0 210.9 878.0 236.9 895,0 248.8 838.0 223.9 716.0 195.1 767.0 206.5
15 12.00 526.0 145.2 647.0 174.4 7W.0 219.5 945.0 253.8 978.0 270.3 i 965.0 256.6 968.0 264.9 1320.0 361.9
16 1:30 537.0 147.7 639.0 177.5 771.0 216.1 915.0 249.5 970.0 273.9 . 1030,0 275.2 1140.0 292.0 2010.0 494.4
17 3.00 529.0 146.5 634.0 171.2 793.0 208.8 893.0 243.2 9‘X).0 272.5 1100.0 . 293.4 1370.0 375.7 2200.0 587.5
18 9 00 440.0 119.2 519.0 136.3 570.0 149.0 598.0 158.8 617.0 163.8 ' 608.0 160.2 590.0 155.4 601.0 149.9
19 9 00 455.0 127.3 563.0 153.1 651.0 174.9 689.0 187.2 714.0 192.5 713.0 190.8 709.0 198.0 795.0 200.3
20 900 434.0 119.4 516.0 137.9 563.0 153.7 579.0 159.3 603.0 169.1 591.0 163.8 589.0 167.8 649.0 185.5
21 1:30 387.0 106.4 462.0 120.2 502.0 131.7 515.0 136.4 532.0 144.0 1 518.0 , 141.3 ' 500.0; 140.6 505.0 : 130.0
22 9 00 392.0 106.3 460.0 122.6 498.0 132.5 514.0 138.5 526.0 142.0 510.0 136.3 489.0 133.5 455.0 . 123.1
23 1030 379.0 103.6 452.0 120.0 487.0 130.3 509.0 135.3 517.0 140.0 501.0 135.0 487.0 130.9 442.0 117.1
24 12.00 393.0 108,5 460.0 124.2 492.0 133.4 509.0 138.6 521.0 140.8 , 510.0 136.3 494.0 133.6 463.0 ; 122.1
25 1:30 381.0 105.2 450.0 120.6 477.0 128.8 492.0 134.4 506.0 ^ 139.5 ■ 495.0 136.7 , 480.0 135.1: 480.0 i 131.8
26 3:00 400.0 110.8 467.0 125.7 485.0 132.6 506.0 138.6 ■ 521.0 ; 144.1 512.0 141.3 497.0 139,4 i 510.0 1 139.6
27 1 4:30 365.0 1 100.9 ; 428.0 . 114.1 441.0 119.2; 451.0 122.5 : 463.0 125.4 453,0 121.6 i 435.0 ; 117.6 j 386.0 101.5
28 , 9:00 I 548.0 ^ 145.9 ' 665.0 180.4 768.0 210.1 ' 863.0 232.5 1 870.0 I 242.1 867.0 ! 233.9; 835.0 ; 228.0 j 1000,0 1 265.8 ;
29 9:00 646,0 174.8 : 795.0 209.6 943.0 249,6 1060.0 278.2 1 1070.0 ; 295,3 1070.0 j 287.5 1040.0 i 286.7 i 1320.0 1 362.3 ;
30 ! 10.30 463.0 132.8 570.0 165.7 676.0 200.0 760.0 220.5 , 748.0 ’ 227,4 732,0 ' 201,4 686.0 210,4 ! 738.0 1 248.6 '
31 1:30 464.0 ; 126.2 i 557.0 152.4 634.0 1 173,7 694.0 i 185.7 1 717,0 ! 194.2 850.0 1 177.4 1 82 4 .0 ; 202.8 j 1190.0 j 264,0;
32 4:30 , 564.0; 156.9 1 673.0 176.6 752.0 i 202.4 1 868.0 227.4 975.0 1 252.6 1170.0 263.2 1300,0 1 335,3 i 1700.0 j 426,7 j
141
Table 4.29. Sound pressure level data (Studio F207)
1 hour hour 1 leq j m in 1 m ax sel hour hour leq m in 1 m ax 1 sel !' 1
1 i 10:3 11:0 53.0 j 35,4 j 66 .6 77.9 36 2 :00  1 2:30 69,7 55.7 84.7 102.3 1
2 11:0 11:3 ! 69,8 55,3 82.6 97.0 37 2:30 3:00 67.3 52,4 81.2 ! 99 .7  !
s i  11:3 12:0 68,8 1 55.9 { 85.9 101.3 38 1 3:00 11 3:30 65.3 1 50 .8 76.7 ' 98 .0  !
4 1 12:0 12:3 67.6 j 53.7 1 82.8 94,8 3 9 , 3:30 4:00 63.4 ! 37.7 87.5 i 94 .9  i
5 1 12:3 1:00 49.5 1 37.6 69,1 1 77,5
1
40 4:00  i1 1 4:30 68 .8 55.5 i 85 .7  j 99 .8  j
6 i 1:00 1:30 63.4 1 44,6 1 79.5 ! 93,2 41 1 4:30 5:00 65.6 37,9 81.5 85.9
7 i 1:30 ; 2:00 ! 71,3 42.4 93.4 1 96.4 42 1 5:00 5:30 1 59,01 i ^ '- 7 82,9 ! 89.7 i! ]
8 2:00 2:30 1 68.3 i 45,4 i 86,2 1 90.3 43 i 10:3 11:0 1 62 .0 1 43 .6 1 77,8 i 93.7 1
9 , 2 :30 3:00 69,8
1
1 43.4 1 86.2 101,5 - i 11:0 11:3 j 66 .9 i 53.7 85.3f
96.0
10 1 3 :00 I 3 :30 66.5 45.9 85,1 97.9 45 11:3 12:0 i 71 ,0 53.0 80.6
j
1 101.3 i
11 3:30 4:00 64,6 i 40.5 75.1 96,3 46 12:0 12:3 j 64,1 1 44,4 80.1 j 96.3
12 4:00 i 4:30 69,51 50.5 83,7 100.1 47 12:3 1:00 1 62 .0  i 46.6! 1 73.71
! 1 
i 93,8  '
13 ; 4:30 5;(K) 63.8 : 45,3 1 87,11 90.5 48 1:00 1:30 1 58,1 1 37,2 71.4 1 85 .6  !
14 ! 5:00 5:30 51.2 j 36.4 71.5 75,9 49 1:30 2:00 1 63 .41 1 44,6 79.5
1
! 93,2 11
15 1 10:3 11:0 56,2 1 36,5 1 73.7 84,2 50 2:00 2:30 j 65 ,5 1 50,0 78.2 1 98,1
16 ! 11:0 1 11:3 i 68,2 1 44.4 \ 92.5 ! 93,6 51 2:30 j 3 :00 1 58.8
1-----------
! 37.5 72,5 1 92,3
17 : 11:3 12:0 ! 62.3
1_ _ I 41 ,8  j 81.1 95.3 j 52 j 3:00 3:30 69 .8  1 54.7 i 82.9 1 102.7
18 12:0 12:3 j 70.1 j 49.8 ! 85.8 j 98.9 53 1 3 :30  4 :00 71.4 1 52.8 80.9 I 100.9
19 ! 12:3 1:00 1 58.7 1 37,5 76.8 j 92,5 54 4:00 4 :30 1 61 .6 1 43.5 85.6 I 94.1 1
20 1:00 1:30 1 67.1 ; 53,7 j 80,0 99,1 55 ! 4:.30 5:00 57.9 31,3 73,8 85,7
21 1 1:30 i 2:00 65.8 j 48.7 82.3 95.8 56 j 5:00 5:30 1 58.0 ! 36 .9 74.5 85,3
22 ' 2:00 ' -- - - - - i 2:30 66,0 j 52.6 i 99,9 57
1- - - - -1 10:3 11:0 58,0 j 36.9 74,5 1 85.3
23 1 2:30 1 3:00 63.7 i 44.91 80,2 93,7 58 11:0 11:3 68 .6 I 50,5 83.9 100.1
24 1 3:00 i 3:30 70.2 j 46,1 84,8 99.1 59 11:3 12:0 66.8 49.9 76,7 100,1
25 3:30 4:00 70,9 53,8 72,0 100.3 60 12:0 12:3 67,9 56,3 81,1 100,1
26 4:00 4:30 63,7 44,5 86,1 95,7 61 12:3 1:00 61,6 46,0 74,1 93,4
27 4:30 5:00 512 35,6 75.5 84,2 62 1:00 1:30 62,3 42,4 83,3 97,5
28 5:00 5:30 50,7 36,4 70,1 69,4 63 1:30 2:00 70,3 46,5 84,7 98,5
29 10:3 11:0 60,8 45,8 74,7 95,8 64 2:00 2:30 56,5 39,9 68,4 89,2
30 11:0 11:3 70,5 44,4 85,9 97,8 65 2:30 3:00 68,4 53,9 85,2 100,3
31 11:3 12:00 64,1 37,3 88.8 97,1 66 3:00 3:30 67,7 56,1 82,0 99,9
32 12:0 12:30 65,8 49,8 91,5 99,7 67 3:30 4:00 70,7 54,0 85,9 100,1
33 12:3 1:00 58,2 43.8 75,8 91,6 68 4:00 4:30 56,9 41,3 83,3 95,5
34 1:00 1:30 61,1 43,2 76,0 85,3 69 4:30 5:00 58,0 44,4 70.7 85,9
35 1:30 2:00 70,2 45,4 86,9 95,7 70 5:00 5:30 49 ,6 37,6 69,1 77,5
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Table 4.30. Sound pressure level data (Studio F208)
1 hour , hour leq !1 m in 1 m ax 1 sel ii 1 hour ' hour i ! m in m ax sol
1 j 10:3 ; 11:0 j 62,4 ! 41,3 i 74.7 \ 89.5 36 2 ;00  i 2 :30 j 58.5 1 41.7 i 70.6 ! 85.6  ‘
2 11:0 ; 11:3 : 59,3 j .42,7 1 81.8 1 92 .9 i 1 2 :30
' 3:00 1 61.5 46.1 87.8 95.5
3 1 11:3 12:0 1 57.3 i 37.9 69.2 i 88.1 38 1 3 :00 ' 3:30 j 65.4 48,7 81.8 95.9
4 ; 12:0 12:3 j 51,2 i 36,4 1 71 .6 I 76.2 1 i 3 :30 ; 4 :00 ! 58.5 ; 42.6 i 74.1 i 82 .8  i
5 1 12:3 i 1:00 1 57,4 i 43.4 j 79.8 i 84.7 1 40 j 4 :00 i 4:30 1 53.2 38.6 1 77,2 84,1 ;
6 1:00 1:30 ' 63 ,8 45.4 86.2 1 90,2 i 41 j 4 :30 5:00 1 65.3 43.4 78.4 86.4
7 1:30 2:00 64.3 39.3 80.8 i 82,9 1 « 1 5:00 ; 5:30 ; 57.4 43,4 79.8 84.1
8 2:00 2:30 65.6 i 38.0 ' 81,3 i 85.6 ! 1 10:3 11:0 58,91 1 41.2 81.7 93,9 ■
9 2:30 : 3:00 64,1 37,3 ; 88.8 97,1 1
! 11:0 i  11:3 i 58.1 37.2 i 71.4 85,6 1
10 3:00 : 3:30 1 61.5  1 42.7 i 77,6 1 86.6 1 ! 11:3 1 12:0 i 59,5 ! 42.2 , 71.0 1 85.2 i
11 3:30 4:00 • 63.5 42,5 79,8 i 90.9 1 46J 1 12:0 12:3 ■ 49.5 : 37,6 69.1 I 77.5 ;
12 4:00 4:30 ! 68.2 42.8 81.6 ; 97,0 1 47 i 12:3 l' 1:00 i 62.2  ^ 40.8 I 76.1
i
1 87.2 :
13 i 4:30 5:00 56,2 ' 36.5 ! 73,7 84.2 "1 481 I 1:00 1 1:30 I 60.5 1 34.6 79.6 87 .6  1
14 . 5:00 5:30 i 46.1 1 36.9 73.9 1 76.5 49 ! 1:30 : 2:00 1 68.2 i 44.4 92.5 1 92.7 i
15 : 10:3 : 11:01 ■ 58.0 ' 44,1 70.9 1 85.7 ; j  2:00 2:30 ! 56.6 40.4 i  72,2 ' 79.1 ■
16 11:0 ! 11:3 53.7 : 36,1 ! 70.1 ! 81 .0 i  51 ’ 2:30 3:00 i  53.8 i  33.1 1 73.6 i 82.1 I
17 :  11:3 12:0 54,2 ; 3 6 . 3 1 67.1 1 81.4 ! 52 i  3:00  ^ 3 :30 1 51.2 1 37.1 1 73.8 I 78.2 i1 1
18 12:0 ' 12:3 54.5 ! 36.9 i  68.4 ; 82.9 53 3:30 4 .00 !  61 .4  j  41.8 i  77.0 ; 89.2 i,  1
19 : 1 2 : 3 ; 1:00 53.0 ! 35.4 66,6 77.9 i 54 ; 4:00 , 4:30i 1 66.6 ! 46.6 : 79.0 ; 94.3 ;
20 ; 1.00 j 1:30 1 56.5 1 35.6 75,5 1 83,5 ! 55 ;  4:30 ; 5:00 i  59.0 1 41.4 83.3 95.7 i
21 ‘ 1:30 : 2:00 60.5 34.6 ; 79.6 81.9 ! 56 1 5:00 ' 5:30 62.2 I 36.3 i  90.5 ' 89 .9  ;
22 ' 2:00 ! 2:30 59.9 ; 42.6 1 76.0 ! 90.9 1 571 10:3 I *1:0 j  62.7 1 40.8 1 76.1 1 88.3 1
23 j  2:30 i 3:00 i  58,8 • 34,8 1 75.8 ; 85,7
1
1 58 11:0 11:3 60.2 40.6 75,2 j  87.1
24 1 i 3:30 60 .7  1 35.0 1 77,1 j 90,4 59 ! 11:3 12:0 58.3 11 41.5 70,5 85.3
25 j  3:30 ! 4:00 68 .8  40.9 ! 98.9 j  96,9 60 12:0 12:3 57.2 43.1 79.7 84.6
26 4 :00  j 4:30 60,5 i  41.3 78,0 I 88.3 61 12:3 1:00 59,0 51,1 87,7 95.3
27 4:30 j 5:00 63,4
1---------------------------
1 44,6 79,5 93.2 62 1:00 1:30 62.4 44.3 76,6 84,7
28 5:00 5:30 54,0 42,1 74,7 83.2 63 1:30 2:00 65.6 40.4 80,8 84,5
29 10:3 11:0 61,5 40,9 76,2 89,9 64 2:00 2:30 56,9 39,6 67,5 87.3
30 11:0 11:3 62,7 45.9 79,7 95,0 65 2:30 3:00 54,3 36,7 68,7 76,9
31 11:3 12:0 53.7 36.9 71.7 66 3:00 3:30 63,7 42,7 79.9 91.2
32 12:0 12:3 57,1 37,7 78.4 86,6 67 3 :30 4 :00 69,3 45,7 92,5 95,1
33 12:3 1:00 53,9 38,0 78,4 77.9 68 4 :00 4:30 58,5 42,5 75,0 83,0
34 1:00 1:30 64,3 45,4 78,6 91,8 69 4 :30 5:00 58,6 42,5 73,9 82,5
35 1:30 2:00 67 .9 45,2 81,9 90,0 70 5:00 5:30 49,3 37,3 68,9 76,8
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Table 4.31. Sound pressure level data (Studio F308)
hour hour leq m in m ax 1 s d 1
' hour 1 hour 1 leq 1 a \in 1 m ax sel
1 10:3 11:0 56.4 39.7 67.5  1 87.31 36 ! 2:001 j 2:30 61.4 36,7 ' 78.1 : 89 .0
2 11:0 11:3 60.5 38,2 2 4 .5 ! 91.31 37 1 2 :301 j 3:00 ! 65.3 i 40.1 j 81.1 96.3
11:3 12:0 67 J
—
49,0 ---------- 179,4 93.8 38 3:00 j 3:30 1 64.3 45.7 i 85 ,9  ! 89 .9
12:0 61.4 36.6 77,0 89.0 39 3:30 j 4 :00 1 69 .9 49.7 i 81 .9  ' 99.7  1
5 12:3 1:00 65 .9 46.1 78.7 93.21 1 40 4:00 1 4:30 j 56.5 40,3 i 71 .9  : 80,2
6 1:00 1:30 62 ,0 41.9 72.5 1 95.1 41 1 4 :30 1 5:00 ] 49.3 36,9 ! 68.9 76 .9  :
7 1:30 2:00 72.0 45.7 87.1 99,4 ! 42 : 5:00 1 5:30 ! 45.4 i 37.0 , 63.5 76.8  i
8 2:00 2:30 60,7 35,1 80.3 ! 89.1 43 10:3 j 11:0 59,9 i 40.1 ' 71.9 79.5 ^
9 2:30 3:00 64 .0 43.9 81,0 95.9 44 11:0 1 11:3 1 58.7 1 37.51 71.6 91.3 ■
10 3:00 3:30 66 .9 48.7 80.1 91.9 45 11:3 12:0 1 62,1 j 41 .0 75,1 . 89.7  ii
11 3:30 4 :00 64.3 44.3 77.6 91.0 46 1 12:0 12:3 1 58.5 42.1 : 73.9 ; 81.3
12 4;0iJ 4:30 63.5 42.5 80.2 91.0
i
1 -^7 ! 12:3 1 1:00 58,9 42.8 ; 73.1 , 87.2  !
13 4 .30 5:00 51.2 36.5 70,9 75.9
i
i 48 j 1:00 j 1:.30 i 61,41 36,6 ' 77.0 89.0 :
i 5 :00 1 5:30 44.5 35.4 69.5 1 75.1
1_______
1 49  1 1:30 1 2:00 ! 72 .0 53,5 82.0 101.1 i
15 ; 10:3 1 11:0 1 60.3  ji 11 28.9 88.1
1
50  ^ 2 :00 i 2:301 1 1 65,4 48.5 1 82.1 93.7 !
16 1 11:0 ; 11:3 62 .0 1 41 ,9 1 72,2 i 94,81 i
1 2:30 3:00 1 58.1 43.7 1 73.8 88.7 i
17 ; 11:3 12:0 i 64 .0 45,3 i 85.9 1 89 .9 52 ! 3 :00 1 3:30 ! 60.1 39.2 I 78.0 88.6  1
18 12:0 : 12:3 1 65.3 i 37.5 1 81 .8  i 86.1 1 53 ! 3:30 1 4:00 1 57.4 j 39.9 69.1 88.8
19 ; 12:3 1:00 ! 56.7 38.8 i 76.9 I 84.9 I 54 ! 4 :00 1 4:30 ! 67 ,9 44,9 82.4 95.3 !
20 1:00 j1 1:30 1 65 .6 1 38,0
1
1 81,3 85.6 i 55J
1 4:30 1 5:00
1
i 59.51 42.9 ‘ 73.1 , 87.3 :
21 1 1:30 2:00 j 70 .9
1
' 52.8 81.3 i 100.0 1 56 j 5:00 I 5^50 i 53.5 36,5 ' 72,3 :1 86.2 '
22 i 2:00 2:30 I 68.4 41.1 97.9 97.2 52 1 10:3 11:0 j 54,8 35,9 1 75.0 ' 8 2 .9 ;
23 1 2:30 3:00 1 59.3 41,1 i 80.7 90.3 58 11:0 11:3 52,3 38.5 76.9 ' 83.8  1
24 3:00 3:30 56.5 i 36.7 74.1 83.9 59 11:3 1 12:0 70.1 51.9 82.1 10.2 1
25 3:30 4:00 68 .0 42.5 82,1 96,9 60 12:0 12:3 67 ,9 44,9 82,3 j 95.1
26 4:00 4:30 59.1 37,5 76,1 87,3 61 12:3 1:00 52,9 38.3 52.9 i 83,7
27 4:30 5:00 56,5 36,9 74,3 85,1 62 1:00 1:30 64,1 45,1 78,3 j 90,9
28 5:00 5:30 40 .6 34.8 63,0 67 .0 63 1:30 2:00 67,7 45,0 81.5 i 95 ,0
29 10:3 11:0 52,1 35,1 66,1 78.1 64 2:00 2:30 65.6 46,4 83.6  : 97,9
30 11:0 11:3 i 36,7 71,8 81.4 65 2:30 3:00 62,3 41,5 75.0  ! 89,9
31 11:3 12:0 68.2 46,4 80,8 96,8 66 3:00 3:30 64,2 44,1 78,1 !» 91.1 j
32 12:0 12:3 57,9 36,5 74,8 85.7 67 3:30 4:00 59,9 42,5 71.3 1 86,9 1
33 12:3 1:00 62,1 43,9 77,1 85,1 68 4:00 4:30 53,5 36,7 72,3 j 82,4
34 1:00 1:30 58,9 43,1 74,3 83.2 69 4:30 5:00 54,5 35,9 72,8 1 75,4
35 1:30 2:00 69 ,9 55,5 85,1 99,0 70 5:00 5:30 46,5 37,1 74.4 1 79,4
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Table 4.32. Sound pressure level data (Studio F309)
hour hour leq 1 m in m ax 1 sel hour hour leq i min i m ax 1 sel
1 10:3 11:0 63.7 45.1 87.1 j 88 ,9 36 2:00 2:30 62.5 42,1 80.9 1i 94.9  1
2 11:0 11:3 [ 61.3 j 47,9 85.3 92.9 37 j 2:30 I 3 :00 54.5 37.1 i 68,1 ! 83.7 ;
3 11:3 12:0 63,9 43.5 82.7 I 99 .0 i - i
3 :00 j 3 :30 57.1 i 36.1 76.6 1 85.3
4 12:0 12:3 63 .9 44.1 81,1 1 97,1 1 39 i 3 :30  j 4 :00 61.8 i ! 78,5 [ 91.2  :
5 12:3 1:00 66,9 52,9 84.9 ! 99.9 j 40  1 4:00 1 4:30 53.0 1 ^0-2 ! ” · '
j
i 85 .0  1
6 1:00 1:30 65.3 48,5 82.0 ! 96.3 41 4:.30 11
5:00 54.0 i 37,7 i 68,1 1 77.1 !
7 1:30 2.00 72.3 54,1 81,5 : 97.1 1 4 2 : 5:00 1 5:30 i 59.1 40.9 1 82,8  1 87.2 1
8 2:00 2:30 66.1 46,1 84,1 1 99.1 1 43 :1
10:3 I 11:0 1 50.9 j 37.5 i  72.7 1 ” •‘>1
9 2:30 3:00 60.5 43.1 77.9 1 87.9 44 i 11:0 i 11:3 52.81
1 33.1 ! 71.91 81.8 ;
10 3 .00 3:30 53.9 33.1 74,1 1 82,9 1 45 1 11 :3 ! 12:0 j 63,5 ! .37.1 85.9 95.91 i
11 3:30 4:00 60,1 39.3 77,9 1 88.7 1 12:0 1 12:3 1 62,3 1 41.1 1 73,9 1 9 « · '
12 4 00 4:30 56,8 39,1 77.2 1 85.1 i *^ 7 ; 12:3 i 1:00 i 64.1 j 43.3 1 81,7 ! 97.9  1
13 4:30 5:00 57.3 43.6 78.9 1 85,1 1 48 1 1:00 ; 1:30 60,7 j 37,3 77.3 91.1 1
14 ; 5:00 1 5:30 44.3 35,1 i 68,9 70.3 49 ;I 1:30 i 2:00 68.5 49.9 84.1 ! 94.3 !' 1
15 10:3 1 11:0 ' 53,1 1 35.9 1 67.1 78,3 i 5 0 , 2 :00 1 2:30 60.3 i  27.9 75.1! 1 ‘71-7 1




1 ! 42.7 76.7 i 86,1 1
17 ' 11:3 12:0 I 57,7 42.9 i 79.9 85.1 ! 52 1 3:00 i 3:30 1 61.3  1 43.1 1 77.1 87.0  j
18 ; 12:01 | 1 2 : 3 i 60.1 1 39.9 75,1 86.8 1 53 ' 3:30 i 4 :00 j 54.1 1 42.0 75.1 i  83.7
19 1 12:3 j 1:00 1 61 .9 ' 41,8 i 72.3 j 95.3 i 54 1 4:00 4:30 58.0 j 37.1 76.0 86.1 1
20 1:00 1:30 1 59.7 41,9 i 72,1 i 85.7 1 i 4:30 5:00 45.0 ! 36.3 64,1 i 74.0
21 1:30 2;00 1 65 .6 ; 41.3 i 81.21 90.3
1 ; 
1 56 5:00 5:30 53.1 37.1 72,0 81.5 1
22 2:00 2:30 1 56,9 I 40.3 I 71.9 ! 80,2 i 57 i: 10:3 11:0 66.7 46.5 78,7 93.3
23 1i 2:30 • 3:00 I 64.3 1 45.3 i 79.11 1 92,3 58 ij ,
 11:0 11:3 63 .9  1 37.7 89,1 97.3
2^ 3:00 3:30 60.7 ! 35,1 1 ’ 8.2 j 91-2 1
----------------1
11:3] 12:0 69,5 54,9 84,1 101,3
25 i  2-50 4:(X) 53.1 38,9 76,9 j 83.9 60 12:0 12:3 59.1 40.9 81,9 93,8
26 4:00 4:30 60.5 39,1 74,1 90.8 ■ ¡T j 12:3 j 1:00 59,8 41,9 72,1 86,0




; 1:00 1 1:30 57,4 39,1 79,3 87,3
28 5:00 5:30 50.9 36.6 71,1 67,7 63 1 1:30 2:00 64,5 43,7 80,9 91,9
29 10:3 11:0 65,1 49,1 82,0 96.3 64 2:00 2:30 61,7 42,5 78,1 87,3
30 11:0 11:3 64.5 49.8 76,9 96,9 65 1 2:30 i  3 :001 58,8 34,9 76,3 86,3
31 11:3 12:0 62,4 46,9 78,1 88.5 66 1 3:00 3:30 54,0 42,1 75,1 83,9
32 12:0 12:3 65,6 48.3 82,3 96,8 67
1--------
: 3:30 4 :00 61,4 43,1 81,1 94,9
33 12:3 1:00 66,3 45,9 87,1 99,1 68 4:00 4 :30 52,7 35,9 72,0 80,9
34 1:00 1:30 63,9 42,3 81,9 97,1 69 j 4:30 5:00 62,6 36,3 89,7 90,3
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Fig. 4.4. Iso-plane radiant temperature curves for Studio F207 (Distances
4:30 p.in.
are given in m, temperature is given in °C)
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Fig. 4.10. Iso-plane radiant temperature curves for Studio F208 (Distances are given in m, temperature is given in >C)
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Fig. 4.28b. Iso-illuminance curves for Studio F207 (Distances are given in m, illuminance is given in lux)
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Fig. 4.37b. Iso-illuminance curves for Studio F208 (Distances are given in m, illuminance is given in lux)
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Fig. 4.55b. Iso-illuminance curves for Studio F309 (Distances are given in m, illuminance is given in lux)
APPENDIX E
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ÇEVRESEL KOŞULLARI DEĞERLENDİRME ANKETİ




Cinsiyet: K □  E □
Giysi (Lütfen üzerinizdeki giysilerin bulunduöu kutuları işaretleyiniz):
□  Palto □  Jüpon Bluz / Gömlek
□  Pamuklu
□  Şort
Ceket Etek □  Yünlü □  Iç çamaşırı
□  Pamuklu □  Pamuklu □  Tişört
□  Yünlü □  Yünlü □  Kravat □  Ayakkabı
Kazak / Hırka Elbise Pantolon Çorap
□  Kolsuz □  Askılı □  Pamuklu □  Pamuklu kısa
□  Kollu pamuklu □  Pamuklu □  Yünlü □  Yünlü kısa
□  Yünlü □  Yünlü □  Blue-jean □  Pamuklu uzun
□  Eşofman üstü □  Eşofman altı □  Yünlü üzun
Odadaki konumunuz (Lütfen aşağıdaki planda işaretleyiniz):
Bir günde ortalama kaç saatinizi stüdyoda geçiriyorsunuz? 
□  0 - 2
□  3 -5
□  6 - 8  
□ 8 +
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1. Bu stüdyodaki genel aydınlatma düzeyini nasıl değerlendiriyorsunuz'^
□  Çok iyi
□  Oldukça iyi
□  Nötr, ne iyi ne de yetersiz
□  Pek yeterli değil
□  Yetersiz
2. Masanızın üzerindeki aydınlık düzeyini nasıl değerlendiriyorsunuz?
□  Çok iyi
□  Oldukça iyi
□  Nötr, ne iyi ne de yetersiz
□  Pek yeterli değil
□  Yetersiz
3. Masanızın üzerinde bulunan nesnelerde ya da masanın kendisinde, pencerenin, 
elektrik lambalarının yansıması gibi, görmenizi güçleştiren parlamalar oluyor mu?
□  Evet
□  Hayır
Yanıtınız evetse, bu parlamalar sizi ne kadar rahatsız ediyor?
□  Çok fazla
□  Oldukça
□  Az
□  Rahatsız etmiyor
4. Duvara asılan çizimlerin üzerindeki aydınlık düzeyini nasıl 
değerlendiriyorsunuz?
□  Çok iyi
□  Oldukça iyi
□  Nötr, ne iyi ne de yetersiz
□  Pek yeterli deöil
□  Yetersiz
5. Duvara asılan çizimlerin üzerinde görmenizi güçleştiren parlamalar oluyor mu?
□  Evet
□  Hayır
Yanıtınız evetse, bu parlamalar sizi ne kadar rahatsız ediyor?
□  Çok fazla
□  Oldukça
□  Az
□  Rahatsız etmiyor





1. Pencereler kapalıyken, dışardan gelen gürültüden rahatsız oluyor musunuz'^
□  Evet
□  Hayır
Yanıtınız evetse, bu gürültü sizi ne kadar rahatsız ediyor?
□  Çok fazla
□  Oldukça
□  Az




3. Stüdyo saatlerinde, stüdyonun içindeki gürültüden rahatsız oluyor musunuz?
□  Evet
□  Hayır
Yanıtınız evetse, bu gürültü sizi ne kadar rahatsız ediyor?
□  Çok fazla
□  Oldukça
□  Az






1. Bulunduğunuz ortamın sıcaklığım nasıl değerlendiriyorsunuz? 
(Lütfen aşağıdaki seçeneklerden bir tanesini işaretleyiniz.)
□  Soğuk
□  Serin
□  Nötr / Rahat / Konforlu
□  Ilık
□  Sıcak
2. Çevrenizde hava cereyanı (esinti) hissediyor musunuz?
□  Evet
□  Hayır
Yanıtınız hayırsa, 3. soruya geçiniz.
D. Isıl Ortam
Yanıtınız evetse, hissettiğiniz hava cereyanı ne kadar
□  Çok zayıf
□  Hissedilebilir
□  Çok güçlü
Hava cereyanını nasıl değerlendiriyorsunuz?
□  Rahatsız edici
□  Nötr, ne rahatsız edici ne de ferahlatıcı
□  Ferahlatıcı




Yanıtınız evetse, en çok rahatsız hissettiğiniz bölge ya da bölgeleri, çizimdeki 
kutulara aşağıdaki sayıları koyarak, belirtiniz.
(-2) soğuk, (-1) serin, (+1) ılık, (+2) sıcak
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QUESTIONNAIRE ON ENVIRONMENT 




Sex: F □  M □













□  Long-sleeve(cotton) □  Cotton














□  Shoes 
Socks
□  Short cotton
□  Short wool
□  Long cotton
□  Long wool
Location in the room (Please put a mark on the plan):
On an average studio day, how many hours do you spend in the design studio? 
□  0 - 2
□  3 -5
□ 6-8 
□  8 +
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1. How do you evaluate the general lighting level in this design studio?
□  Excellent
□  Pretty good
□  Neutral, neither good nor poor
□  Not very good
□  Poor
2. How do you evaluate the lighting level on your drawing table?
□  Excellent
□  Pretty good
□  Neutral, neither good nor poor
□  Not very good
□  Poor
3. Do you notice any uncomfortable reflections on your drawing tables?
□  Yes
□  No
If Yes, how much do these reflections bother you?
□  Extremely
□  Considerably
□  A little
□  Not at all
4. How do you evaluate the lighting level on the drawings hung on the walls?
□  Excellent
□  Pretty good
□  Neutral, neither good nor poor
□  Not very good
□  Poor
5. Do you notice any uncomfortable reflections on the drawings hung on the wall?
□  Yes
□  No
If Yes, how much do these reflections bother you?
□  Extremely
□  Considerably
□  A little
□  Not at all









If Yes, how much does this noise bother you?
□  Extremely
□  Considerably
□  A little
2. Do the instructors have to speak louder because of outside noise?
□  Yes
□ No
3. During the studio hours, are you disturbed by the noise coming from outside?
□  Yes
□  No
If Yes, how much does this noise bother you?
□  Extremely
□  Considerably
□  A little





1. How do you feel this environment'^’
□  Cold
□  Cool
□  Neutral / Comfortable
□  Warm
□  Hot
2. Do you feel an air movement around?
□  Yes
□  No
If No, please pass to the third question.
If Yes, how strong is the air movement?
□  Just detectable
□  Slightly strong
□  Too strong
How do you feel the moving air?
□  Unpleasant
□  Neutral, neither pleasant nor unpleasant
□  Pleasant
3. Do you feel any part of your body warm or cold?
□  Yes
□  No
If Yes, indicate this or these places on the figure below by putting one of the 
numbers below, in the corresponding box.
(-2) cold, (-1) cool, (+1) warm, (+2) hot
D. Thermal Environment
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